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THE PROBLEM OF HOST RELATIONS WITH SPECIAL 
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I. Inrropuction. 


In spite of numerous and extensive experiments in the utilisation of insect 
parasites and predators, we know as yet but little in regard to the true role of 
entomophagous insects in the phenomenon of natural control, so that our 
practical operations with parasites are still conducted on a purely empirical 
basis. We have thus gained little in experience in proportion to the energy ex- 
pended in our successive experiments, the results of which, in many cases, 
cannot even be interpreted with certainty at the present time. 

This unfortunate condition of affairs is no doubt due in some measure to 
the lack of data in regard to certain phases of the immensely complex and 
difficult problem of natural control. But, it is also due in part to the fact that 
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very little effort has been made up to the present time, to interpret the abun- 
dant information already available. The mere accumulation of masses of data 
without rhyme or reason is the curse of modern biology. Facts are useless to 
science unless they have been interpreted and thus embodied in an intelligible 
synthesis. An erroneous impression appears to prevail in some quarters to the 
effect that the interpretation will appear spontaneously, once sufficient facts 
have been accumulated, but this view, in our opinion, is a mistake. Facts will 
not form themselves into an explanation any more than bricks will build them- 
selves into a house. We will not really know what facts we need in order to 
understand the problem of natural control until we have thought a little more 
about the facts we have. 


Il. Tue or Host RELATIONS. 


Among the fundamental problems of insect parasitism, in regard to which 
we have many facts but few ideas, is the problem of host relations. It would not 
be an exaggeration to say that the whole of the work undertaken with a view 
to the utilisation of entomophagous parasites is founded on the principle of 
specificity of attack. It is precisely because certain important parasites of 
injurious insects confine their attack more or less closely to these species, that 
the absence of the parasites during certain periods, or after the introduction 
of the host into a new country, sometimes has, as a result, a considerable 
numerical development of the phytophagous species, so that what was an 
insignificant member of the fauna becomes a terrible pest, to combat which, 
we are obliged to introduce its parasitic and predacious enemies in order to 
restore, if possible, the natural equilibrium. 

If the relation between host and parasite were completely indifferent or 
non-specific, the absence of certain particular species of entomophagous in- 
sects would be unimportant and the introduction of parasites from the country 
of origin a method of very doubtful utility. On the other hand, if parasitism 
were strictly specific—if only monophagous parasites existed—the problem of 
parasitic control would be relatively simple. What complicates this problem is 
precisely the rather indefinitely polyphagous habit of the majority of entomo- 
phagous insects. The fact that a parasite attacks several hosts makes it very 
difficult to determine, without prolonged and laborious investigations, what 
part it plays in the control of the species which interests us and renders it 
impossible to foresee exactly what it will do in a country populated by a fauna 
different from that of its original home. 

Another consequence of the polyphagous habit is that the parasitic fauna 
of any given host often varies considerably at different times and in different 
regions, a careful study of each member of this fauna being thus necessary in 
order to arrive at an understanding of the factors responsible for the mainten- 
ance of the natural equilibrium in the various areas inhabited by the pest. 

Thanks to the patient and meticulous labours of several generations of 
entomologists, among whom the lepidopterists deserve special mention, we now 
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possess a very extensive mass of information in regard to the entomophagous 
insects. We have, for a great number of parasites, lists of the hosts attacked, 
and for the majority of insects whose biology is known, lists of parasites. It is 
true that the lists are, for the most part, inaccurate or incomplete. On certain 
species, however, very careful and exact observations have been made and 
data of a reasonably complete character exist. 

However, in spite of the mass of undoubted facts available for study, our 
ideas on the fundamental problem of parasitic specificity are still extremely 
obscure. We know that in a given region a certain group of insect parasites is 
constantly obtained from a given host species, but we do not know why this 
is so. It would, however, be interesting and useful to discover the laws of host 
relations. If we could define in a scientific manner the exact nature of the 
attraction exerted by a host upon its parasites the whole treatment of para- 
sitological problems would be enormously simplified and facilitated. It would 
then be possible to predict what hosts a given species would attack in any 
region. We could thus estimate the probable action of a parasite introduced 
experimentally into a new country and foretell the réle of native parasites in 
relation to pests imported from abroad. 

To arrive at such a result it would be necessary to determine exactly what 
group of qualities exerts the maximum attraction on the parasite. Having 
thus defined what might be called the ideal host of the parasite, one would 
attempt, by means of a detailed analysis of their specific characteristics, to 
assign values to the other available hosts. To complete the investigation it 
would be necessary to determine, not only the qualities by virtue of which the 
host attracts the parasite, but also what characteristics the parasite must 
present to be susceptible to the attraction. In other words, one would have to 
define not only the “normal” host of a given parasite, but also the “normal” 
parasite of a given host. 

It is obvious that the attainment of these objects would necessitate a vast 
amount of laborious and exact investigation. The initiation of such studies 
would however be justified, in view of the importance of the results to be ob- 
tained, if it could be shown that the solution of the problems under discussion, 
though difficult, were really possible. It is therefore important to examine the 
general problem of parasitic specificity with the object of determining to what 
extent it is amenable to scientific treatment. Such is the main purpose of 
this paper. 


Ill. Tue Composition or Parasitic FauNAs: THE “NORMAL” PARASITE. 


The first fact of importance that must be noted in regard to the problem 
of the host relations of parasitic insects is that it is not so much a parasito- 
logical as an ecological problem. The study of the parasitic fauna attacking 
and infesting a given host is simply a variant of the general study of animal 
and plant associations inhabiting certain environments. The fact that the 
environment is in this case a living insect and that the larvae of the species 
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inhabiting it are parasites does not in any way affect the general position of 
the problem. 

Once it is realised that the host species with its parasitic fauna does not 
differ essentially from any other environment peopled by an association of 
living organisms, the true nature of the problem of host relations appears. It 
becomes evident, to begin with, that the idea of framing a definition of the 
normal or typical parasite of a given host is absolutely illusory. An environ- 
ment inhabited by an association of plants or animals is not a simple thing 
exerting a unique and uniform attraction upon all the organisms it harbours. 
It varies in its intrinsic properties at different seasons. A pond in various stages 
of desiccation, for example, is the centre of a series of different associations. 
Again, even considered at any given moment, it offers an indefinite number of 
aspects, is com posed in reality of an indefinite number of subsidiary environ- 
ments, each of which has an attraction for organisms of a special type. Thus, 
among the animals which habitually live beneath stones, some are essentially 
hygrophilous and seek this environment because of the humidity of its atmo- 
sphere, while others, indifferent to this factor, but negatively phototropic, 
are simply in search of darkness. Similarly, the insect host, during the 
course of its development, passes through a series of stages often very sharply 
differentiated, in each of which it is the centre of a special parasitic association. 
These associations are strung along the life cycle of the host like beads along 
a string, but, like beads, they are completely independent of one another and 
have not necessarily anything in common but their attachment to the same 
host species. Even in the parasitic fauna of a single stage the same inde- 
pendence is almost equally evident. Consider, for example, the life of those 
parasites which inhabit the full-grown caterpillars of Pyrausta nubilalis Hiibn. : 
the larva of Zenillia roseanae B.B. lives in the adipose tissue, that of Para- 
phorocera senilis Meig. in a tracheal sheath, that of Angitia punctoria Rom. 
floats freely in the body cavity. Between the host and each of these species a 
different relation exists, which is to say that, considered as an environment, 
the host is something different for each of these parasites. 

Again, the differences in the method of attack of certain parasites of this 
species, seem clearly to indicate differences in the nature of the attraction 
exerted by the host on each of them. Thus, Habrobracon brevicornis Wesm. 
enters the tunnel of the Pyrausta and deposits its egg on the outside of the 
body of the larva after paralysing it by the injection of a toxic fluid. Ezeristes 
roborator Fabr. also deposits its egg on the outside of the host, but through the 
wall of the tunnel. Hulimneria crassifemur Thoms. oviposits directly in the 
body of the young caterpillars. Zenillia roseanae B.B. places its larvae in the 
vicinity of the host. It is evident that the object of attack as perceived by the 
parasite, differs in these several cases. No doubt in the present instance, these 
various objects are, so to speak, united in the individual larva of Pyrausta 
nubilalis. But, the connection between them is not necessary to induce the 
attack by every single member of the parasitic fauna. Thus Eulimneria crassi- 
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femur Thoms. attacks the larvae of the Tenthredinid Neurotoma nemoralis L. 
while Ezeristes roborator parasitises those of the coleopteron Cryptorhyncus 
lapathi L. although neither Neurotoma nor Cryptorhyncus is infested by any 
other of the four species mentioned. : 

The unity of the parasitic fauna of every given host is thus merely an 
accidental unity depending on the fact that a certain number of the available 
parasites finds in it the conditions suited to each. 

A cursory inspection of the available data on host relations affords ample 
additional evidence of this fact. Thus, for example, the common earwig has 
two parasites, both members of the family Tachinidae but differing one from 
the other in structure and habits. There is absolutely nothing which would 
have allowed us to predict that these two flies would have a common host and 
that the host would be the earwig. It is true that the form of both of the 
parasites is in some respects rather remarkable but they exhibit nothing even re- 
motely suggesting a morphological convergence, or indicating in any way their 
singular and unusual host relations. As a matter of fact, the mode of attack 
and the life within the host is quite different in the two species. Even an object 
as simple and relatively structureless as an egg may have a fairly complex 
fauna of parasites. The egg of Phytonomus posticus Gyll. is attacked by several 
parasites belonging to three different families of parasitic Hymenoptera: the 
Pteromalidae, the Eupelmidae and the Mymaridae, of which one develops as an 
internal parasite while the others feed externally. The convergence in the same 
host of parasites which have otherwise nothing in common is in fact not the 
exception but the rule. Almost every lepidopteron is parasitised by species 
belonging to two or three different families, attacking the host in the same 
stage of development. 

The fact that the parasitic fauna of a given host is a mere assemblage of 
independent organisms without any real unity, makes it fairly evident that in 
general it will be found difficult or impossible to establish any definite corre- 
lation between the systematic arrangement of host species and the composition 
of their parasitic faunas, and that the parasitic faunas of closely related hosts 
will not necessarily be similar or those of widely distant species strikingly 
different. Each host species presents a unique and original assortment of 
morphological and ecological characteristics, whose significance in relation to 
its parasitic enemies we are at present quite unable to determine. 

As we have already stated, hosts that are systematically related sometimes 
have identical or related parasites, but although this is a fact it is not a law. 
The Diptera Digonichaeta setipennis Fall. and Rhacodineura antiqua Meig. 
which attack the Forficulas have never been reared from members of the other 
genera of the group. We have made many unsuccessful hunts for them in 
Anisolabis and Labia, in localities where the Dipterous parasites are known 
to exist. There are, nevertheless, good reasons for believing that one of these 
Tachinids sometimes develops in Lepidopterous caterpillars. The same thing 
is true for the parasites of the terrestrial Isopods. The Diptera belonging to 
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the genera Cyrillia, Frauenfeldia, Melanophora, etc., attack Porcellio, Meta- 
ponorthus and Oniscus, but Trichioniscus and Armadillidium, even living in 
the same spot as the others, are never parasitised by these Tachinids. 

The results of some experiments undertaken in order to throw light on the 
problem of host relations, have led to similar results. Thus, it was determined 
that although the larvae of Sturmia scutellata R.D. develop successfully in the 
caterpillars of Liparis dispar L., they die immediately after penetrating into 
those of Hemerocampa leucostigma 8. and A. and Notolophus antiqua L., 
which belong to the same family as Liparis dispar. On the other hand, they 
develop perfectly in the caterpillars of Malacosoma, which belong to a different 
family, the Lasiocampidae. Thus, in this case, the choice of hosts—or at all 
events the ability to live in certain hosts—has no relation to the systematic 
arrangement. The species most closely related to L. dispar proved unsuitable 
as hosts for S. sculellata, while species very distant in the systematic arrange- 
ment, were quite suitable. 

The results of the experiment might be interpreted on the hypothesis 
that the parasites capable of developing in L. dispar find in the Malacosoma a 
similar environment, and in Hemerocampa and Notolophus a different and 
unfavourable environment. This might be expressed by saying that the 
normal hosts of S. scutellata must be defined, not in terms of the characters 
utilised by systematists, but in terms of the physico-chemical constitution of 
the host. 

But Compsilura concinnata Meig., which is also a parasite of L. dispar, often 
attacks the caterpillars of Hemerocampa and Notolophus and almost com- 
pletely neglects those of Malacosoma even in the laboratory. This fact, noted 
by Webber and Schaffner (Feb. 1926)! in their paper on the hosts of Compsilura, 
obliges us to modify to some extent the hypothesis we have just proposed. 
Since life in Notolophus and Hemerocampa is not impossible for every parasite 
capable of developing in L. dispar, it must be admitted that the latter, considered 
as a host, cannot be defined in the same manner in relation to all of its parasites, 
or in other words, that L. dispar as a normal host of C. concinnata differs from 
L. dispar as a normal host of S. sewellata. This follows from the fact that the 
definition of the normal host of a given parasite must apply to all the particular 
hosts of that species. It must represent what there is in common in relation to 
. concinnata in L. dispar and Hemerocampa leucostigma. In the same way a defi- 
nition of the normal host of S. scutellata must represent what there is in common 
in respect to this parasite in both L. dispar and Malacosoma americana Fabr. 
Thus, either the two definitions are identical, and in that case the Malacosomas 
ought to be parasitised by Compsilura and the Hemerocampas by Sturmia, or 
else they differ, and in that event the attraction exerted by the host cannot 
depend on the same factors with the two parasites. Much more complex cases 
could easily be imagined and certainly exist in great numbers in nature. 
Suppose, for example, that we have three parasites, P1, P2, P3, having in 
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common three hosts, H 1, H 2 and H 3, and in addition hosts proper to each 
species. In such a case it would be necessary to formulate three definitions 
for each of the hosts, H 1, H 2, H 3, in relation to the three parasites, P 1, P 2 
and P 3, and nevertheless for each parasite considered separately the three 
hosts, H 1, H 2 and H 3, would be identical, the definition of the normal host 
being necessarily applicable to all hosts of a given species. 


IV. Tue Cuorce or Hosts: Tue “Norma.” Host. 


It will now be apparent that the only possible method of dealing with the 
problem of host relations is the detailed analysis of the behaviour of particular 
species of parasites. The variations in the composition of associations of any 
type are unintelligible until the requirements of the different members of the 
association are understood. 

Itis, however, evident that the study of the affinities of a strictly monopha- 
gous parasite presents great difficulties. In order to undertake with any chance 
of success the analysis of the factors determining the selection of hosts one must 
choose a polyphagous species. It is only by a careful comparison of a number 
of different hosts that one can hope to discover the fundamental character- 
istics on which the parasitic attack depends. 

For this reason, we selected as a subject of experiment, the polyphagous 
Chalcid Melittobia acasta Walk. This species, whose peculiar structure and 
biology has been described in detail by a number of recent authors, is most 
commonly found in nature as a parasite in the nests of various wild bees, but 
it has occasionally been bred from other hosts. 


(A) Host selection in Melittobia acasta Walk. 


The list of hosts of Melittobia given by Balfour-Browne! comprises the 
larvae and pupae of the following species: Agenia, Anthidium, Anthophora, 
Bombus, Ceratina, Chalicodoma, Chrysis, Crabro, Donacia, Heriades, Ichneu- 
monid parasite of Hypera variabilis, Leucospis, Megachile, Monodontomerus, 
Musca and other Muscid pupae, Pison, Psen, Prosopus, Sceliphron, Stelis, 
Trypoxylon, Urophora solstitialis (Muscid), Vespa. 

In the laboratory, according to this author, practically any larva or pupa 
of bees or wasps is attacked, and even the larvae or pupae of Coleoptera may 
be accepted as hosts. He notes, as a remarkable exception, the bee Osmia rufa 
which seems more or less immune to attack by Melittobia, either because of the 
thickness of the cocoon or because the blood contains some substance which is 
more or less toxic for the Chalcid. 

During our experiments we reared the parasites in the laboratory on the 
following species: 

DIPTERA: Calliphora erythrocephala Meig. 
Compsilura concinnata Meig. 
Lucilia sp. 
1 Parasitology, xiv. 282-298. 
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DipTera (cont.): Musca domestica. 
Paraphorocera senilis Meig. 
Sarcophaga sp. 
Sturmia scutellata R.D. 
Syrphid. 
Zenillia roseanae B.B. 
HYMENOPTERA: Angitia punctoria Rom. 
Brachymeria (Chalcis auct.) Fonscolombei Duf. 
Camponotus sp. 
Eulimneria crassifemur Thoms. 
Exeristes roborator Fab. 
Habrobracon brevicornis Wesm. 
Leucospis gigas F. 
Monodontomerus sp. parasite of Osmia. 
CoLEOPTERA: Cerambycid (pupa). 


It is quite possible that by a more extensive series of observations and 
experiments in the laboratory and in the field, the host list of Melittobia could 
be very considerably extended. The data available are however sufficient for 
the purposes of this paper. 


(1) Analysis of host selection in Melittobia. 


(a) The degree of parasitism. In considering the host lists which we have 
just cited, the first point of interest that strikes one, is that Melitobia usually 
exists as a primary parasite but in some cases plays the part of a secondary or 
hyperparasite. For example, it attacks the larvae of Chrysis and Leucospis 
which are parasites on bees as freely as the larvae or pupae of the bees them- 
selves, although the bees and their parasites belong to quite different families. 
Again, like Graham-Smith (1915)! and Howard and Fiske? we have reared 
Melittobia on the pupae of Saprophagous and Sarcophagous Diptera (Musca, 
Sarcophaga, Calliphora, etc.) but we have also reared it from the pupae of 
several Tachinids which it attacks, not only in the laboratory but in the field, 
the original parents of our strain having been bred from a pupa of the Tachinid 
Paraphorocera senilis Meig., collected in a tunnel of Pyrausta nubilalis Hiibn., 
of which it is a common primary parasite. 

A little consideration of these facts will suffice to show that the phenomenon 
of hyperparasitism is not due to the existence of particular species which 
attack parasites as such. A given Chalcid or Braconid, which we designate as 
a hyperparasite because it attacks Apanteles or Tachina, is not attracted to 
these hosts because they are parasites but simply because they possess in them- 
selves certain attractive qualities—form, odour, or colour. Writers on entomo- 
logy often refer to tertiary or quaternary parasitism as a rare and extraordinary 
phenomenon, but there is really no reason why hyperparasites of the fifth, 


1 Parasitology, vit. 16. 2 U.S. Dept. Agr., Bur. Ent., Bull. 91. 
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sixth or seventh degree should not exist except that, generally speaking, the 
volume of the host diminishes in each stage, that the members at the end of 
the series usually have no parasites no matter what their habits may be, and 
finally, that an unusual concourse of circumstances is necessary in order that 
the various members capable of forming the chain of hyperparasites may 
appear on the scene at the proper moment and in the proper condition. It is 
true that there are parasites such as the Chalcid, Pertlampus and the Ichneu- 
monid Mesochorus, which attack the primary parasite during the early larval 
condition, while it is still within the body of the living host, but in our opinion, 
even in this case, the body of the insect inhabited by the primary parasite has 
probably for the secondary no other significance than that of any other enve- 
lope—cocoon, puparium, plant tissue—surrounding the body of the host. Such 
examples simply indicate that, as Cushman (1926)! has recently suggested, the 
instinct of the parasite sometimes leads it in the first instance, not directly to 
the host but to the spot habitually frequented by the host. They do not prove 
that the host is attacked because it is itself a parasite. 

We can thus safely neglect the question as to whether the host of Melitobia 
is itself a parasite or not and restrict ourselves to the study of the perceptible 
qualities of the host. 

(b) Dimensions. A study of the characteristics of the species attacked by 
Melittobia which are listed on pp. 7 and 8, shows that the dimensions of the host 
may vary within rather wide limits. The chrysalids of Pieris, the puparia of 
Sturmia scutellata and the large Sarcophagas are accepted by the parasite as 
willingly as the much smaller larvae or pupae of such Tachinids as Parapho- 
rocera senilis and Zenillia roseanae or such Ichneumonids as Angifia punctoria 
and Eulimneria crassifemur. A still greater difference in size exists among the 
various species of bees and wasps attacked, as for example between Bombus 
and Anthophora on the one hand and Trypoxylon and Psen on the other. 

It seems, however, that there is a limit below which the hosts are in- 
acceptable for the parasite. Thus, we placed in a tube with twelve fertilised 
females of Melittobia, six cocoons of Habrobracon brevicornis containing the 
larvae of this Braconid. These larvae had spun their cocoons on the wall of the 
tube, to which they were firmly attached, thus making it easy for the parasite 
to oviposit in them. The cocoons of Habrobracon are white in colour, rather 
thin-walled and relatively small, measuring only about 4 mm. in length. 

The females of Melittobia placed with the cocoons, oviposited in them, but 
very sparingly, laying in all only about a dozen eggs, though they would have 
deposited great numbers under similar circumstances in a cocoon of Eulimneria 
or a puparium of Sarcophaga. 

In another experiment several fertilised females were placed with several 
puparia of a Phorid whose larva lives in the detritus in the tunnels of the 
European Corn Borer (Pyrausta nubilalis Hiibn.). The puparium of the Phorid 
is relatively thin-walled, and measures only 3 mm. in length but differs little 


1 Proc. Entom. Soc. Washington, vol. xxvuu. No. 1. 
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in everything but size from puparia of other Diptera which are normally 
attacked by Melittobia, Nevertheless, in a total of five or six puparia only two 
or three eggs were deposited by the parasites. 

It would be desirable to continue these experiments with other hosts of 
small dimensions, for it is possible that those which we selected were avoided 
by the parasites because of some special quality which escaped our notice. 
We think it probable, however, that size was the determining factor?. 

It seems worth while to point out, incidentally, that the question of the 
relative dimensions of host and parasite deserves more attention than it has 
hitherto received. In considering the entomophagous parasites in general, one 
is struck by the fact that the adults of species which are solitary parasites are 
usually about the same size as the adult of the host, or at least not very much 
smaller, while there is a marked difference between the dimensions of the 
adults of gregarious parasites and their hosts. Thus the species of the genera 
Amblyteles, Pimpla, Ophion, Chalcis, Perilampus, among the Hymenoptera and 
most of the Tachinids, are fairly comparable to their hosts in size, while in 
Dibrachys, Encyrtus, Melittobia, Macrocentrus and A panteles, the difference 
between the dimensions of the host and those of the parasite is very marked. 
On the other hand, the Tachinids like Winthemia canthogastra Rond. which 
attack the large Sphingids develop in colonies of from 40 to 80 individuals in 
these hosts, while other species of the same genera living in smaller Lepidoptera 
are solitary parasites, or if gregarious, form groups comprising only a very few 
individuals. [t would of course not be difficult to find numerous exceptions to 
our generalisation among the Tachinids and more especially among the Hymen- 
optera. For example, the adult of Microgaster tibialis Nees., a solitary Braconid 
parasite of Pyrausta nubilalis, is quite minute in comparison with tlie adult of 
its host, as are the adults of certain Apanteles which develop in the larvae of 
Liparis dispar and the Meteorus developing in Cirphis sp. Such cases are, 
however, rather exceptional. Furthermore, in many of them the difference in 
size between the adults of host and parasite is very much less marked than 
between the adult parasite and the particular stage in which the host is 
attacked. Thus the adult female of Microgaster tibialis is much smaller than 
the adult of Pyrausta nubilalis, but is quite comparable in size to the young 
larvae in which it oviposits, and this is also true of Apanteles melanoscelus Ratz. 
parasitic on Liparis dispar L. and Meteorus versicolor Wesm. attacking 
Euproctis chrysorrhaea L. 

It would thus seem that in general the number of eggs normally deposited 
within a host is roughly proportional to the amount of food material available, 
an idea which is supported by the fact that larvae from which parasites have 
emerged are usually reduced to a skin? 


1 It is interesting to note in this connection that although the larvae of Melittobia will devour 
one another to a certain extent, the adults will not oviposit in the puparium of Diptera which 
contain either their own larvae or pupae or those of Pleromalus or Dibrachys. 

2 There are certain parasites, such as A panteles, which are both solitary and gregarious, and 
among the Tachinids, U'hrizion halidayanum Rond. in Phasmids, Digonichaeta setipennis Fall. in 
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The explanation of this may be that parasites possess an instinct which 
automatically regulates oviposition in any given case according to the amount 
of food material actually available, and thus prevents the deposition of an 
excessive number of eggs in any given host. This hypothesis would explain most 
of the known facts including the refusal of Welittobia to oviposit to any extent 
in small-sized hosts even in captivity. On the other hand, it has often been 
noticed both in the laboratory and in nature that when the number of available 
hosts is small, heavy superparasitism almost always occur’, this resulting at 
times in the complete local extermination of both parasites and hosts. It 
might of course be supposed that as parasites apparently never recognise the 
individual hosts in which they have oviposited they will naturally deposit what 
their instinct tells them to be the proper quota of eggs, each time they en- 
counter in their wanderings a specimen of the host, so that if parasites are 
numerous and hosts scarce, superparasitism will inevitably result in spite of 
the existence of the instinct, especially since the parasite can hardly be expected 
to recognise hosts in which other members of its own species have already 
oviposited. We have, however, observed in the field a case in which a Tachinid 
continued to oviposit a series of eggs upon a saw-fly caterpillar, without moving 
from its vicinity, the excess of parasites being so great that none of the parasite 
larvae was able to develop properly. In captivity, even under conditions 
closely approximating those of the natural habitat, the oviposition of an 
excessive number of eggs in the same individual host is a very common 
phenomenon. 

We are therefore inclined to doubt the existence in parasites of an instinct 
of the type described. It seems to us more probable that the variation in the 
number of eggs deposited in the different species depends on rather simpler 
causes, A somewhat lethargic and slow-moving parasite, if it be capable of 
depositing a large number of eggs without interruption, will naturally con- 
tinue to oviposit in a host whose dimensions are equal or greater than its own, 
because its slight movements after each act of oviposition will not remove it 
from the sphere of attraction of the host. On the contrary, if the host is small 
in comparison with the parasite and the latter is agile and furthermore ac- 
customed to wait for a time between ovipositions, the chances are that it will 
not deposit more than a single egg in its victim. Other things being equal, a 
given parasite will thus tend to deposit more eggs in a large host than in a 
small one. The effect of slight differences may not ordinarily be apparent 
owing to the action of various other factors. Nevertheless, Fiske notes in the 
case of the Braconid, Apanteles fulvipes Hal., that the number of parasites 
harboured by a single host varies in accordance with its size, and that there may 
be two or three in very small caterpillars, but 100 or more in those which are 
nearly full grown. Again, of two parasites, of approximately the same dimen- 
sions, attacking the same species of host, the more motile species will tend 


earwigs, etc. whose hosts are practically always still alive when their parasites emerge, so that 
the rule is not invariable. 
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to be solitary, the more lethargic, gregarious, other things being equal. It is 
easy to see how by variations in relative sizes, motility, oviposition habit and 
intensity of attraction, all possible variations of gregarious and _ solitary 
parasitism may arise. 

The hypothesis we have just outlined may appear at first sight to attribute 
habits which we are accustomed to consider as truly specific as any morpho- 
logical character to the mere play of chance. But this is not so. Although, as 
we maintain, parasites possess no special “solitary” or “ gregarious” instincts, 
automatically regulating the number of eggs deposited at every individual 
encounter with the host, yet the effect produced is practically constant in any 
given case, since it depends in the last resort upon characters and habits which 
are themselves specific and constant attributes of the species concerned, so 
that in any particular instance a certain type of parasitism infallibly results and 
is no more an effect of chance than any other phase in the life of the organism, 
though owing to the multiplicity cf causes involved, a considerable variation 
occurs in individual cases. 

(c) Form and colour. Neither the form nor the colour of the host seem to be 
of importance in the case of Melittobia. The puparia of the various Diptera 
cited vary in colour from yellowish to brown or black with a great variety of 
intermediate shades; the cocoons of Eulimneria are grey and opaque, while 
those of Ezeristes roborator are light yellowish and semi-transparent; the larvae 
and pupae of bees and ants are in general whitish, but all exert an attraction on 
the parasite. The differences in form’ between the larva and pupa of a given 
species or between pupae of the various species of hosts are sometimes con- 
siderable, but seem to have no special influence on oviposition. It may be 
remarked, further, that in the laboratory the parasite oviposited in several in- 
stances on chrysalids of both the cabbage caterpillar and of Pyrausta nubilalis, 
though the form of both of these is very different from that of the usual hosts. 

(d) Odour. It has sometimes been suggested that parasites are attracted to 
their hosts by emanations affecting the olfactory sense even when the latter 
give off no definite odour perceptible to man. It is possible that this is true in 
the case of Melittobia. A number of the hosts cited in the list have odours which 
are fairly characteristic (such as Sarcophagid and Muscid puparia, Lepido- 
pterous chrysalids, Tachinid puparia, bee larvae and even Ichneumonid cocoons) 
though sometimes rather difficult to detect in single specimens. There is, how- 
ever, little in common between the emanations of the various classes of hosts. 
The strong and disagreeable odour of Sarcophagid or Muscid puparia is very 
different from the faint smell of Tachinid puparia or Ichneumonid cocoons, 
which differ in turn from the bee larvae and from the Lepidopterous chrysalids 
of the various species, among which quite definite and perceptible differences 
exist. In spite of the well-marked differences in odour all of these hosts are 
aceepted by the parasite. On the other hand, certain emanations seem to be 
highly disagreeable to Melittobia. Several dozen pupae of a cheese-skipper, 
Piophila sp., which were obtained from a lot of Roquefort cheese, were placed 
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in a small tube with several fertilised females of Melittobia. No oviposition 
was obtained and at the end of 24 hours all of the females were dead. On 
another occasion a fresh puparium of Piophila was placed in a tube with a 
dozen fertilised females of the Chalcid, but only two eggs were deposited. As 
the puparia were very small, measuring only 2—3 mm. in length, they were 
perhaps rejected by the parasites because of their size. However, the fact that 
the females all died after being confined with the puparia for a relatively short 
period and showed a much greater disinclination to oviposit than in the case 
of the cocoons of Habrobracon and the puparia of the Phorids used in the 
experiments previously mentioned, would seem to indicate that the strong 
and characteristic odour of the cheese in which the Piophila developed was the 
principal repellent factor. 

(e) Enveloping cases or membranes. The host attacked by Melittobia in 
nature are all species which are enclosed in a case or envelope of some sort such 
as a cell or nest of mud or paper, a silken cocoon or a chitinised puparium. The 
behaviour of the parasite in relation to the envelope is not, however, uniform. 
When the wall of the envelope is rather thick as in the cocoons of Eulimneria 
crassifemur or Angitia puncloria or in the puparium of Slurmia scutellata, 
Zenillia roseanae, Paraphorocera senilis, Syrphids and Sarcophagids, the 
parasite oviposits through it, but when the envelope is thin, as in the 
cocoon of Exzeristes roborator or of Camponotus spp. some of the females 
penetrate into the interior and oviposit directly on the body of the host. In 
the laboratory, females confined with naked hosts such as larvae or pupae of 
ants, [chneumonids or even Lepidoptera, almost always oviposit directly upon 
them. This, however, is in no way opposed to the idea that the normal host 
is usually contained within an envelope. In such cases the situation of the 
female is simply comparable to that of one which has already penetrated into 
a nest or cocoon containing a naked host. It would be absurd to expect. the 
parasite to refuse to oviposit because it has been artificially introduced into the 
envelope containing the host, instead of penetrating by its own efforts. The 
act of penetration is not a necessary preliminary to oviposition, it occurs 
simply because there is normally a barrier between the parasite and the host. 
The behaviour of the parasite varies in accordance with the presence or absence 
of the barrier and in function of its physical characters when it exists. Thus, if 
after penetrating into a nest the parasite finds a naked host, it oviposits 
directly on the body of the victim. If the host is protected by a puparium or 
a cocoon, the parasite either traverses this envelope or deposits its eggs through 
it, as we have already noted. The results obtained indicate that the behaviour 
of the parasite does not depend so much on the precise physical characteristics 
of the envelope surrounding the host as on what lies beneath it. Oviposition 
seems normally to occur only when the ovipositor has passed through the cuticle 
directly into the coelomic fluid of the host, the eggs being then deposited in the 
skin. Any additional enveloping membranes may be present or absent without 
altering the final result. In other words, the parasite deposits its eggs in such 
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a way that the young larva in hatching is in the correct position for an external 
feeder, and although the modifications of its behaviour in particular cases are 
varied and complex if considered purely and simply in relation to the efficient 
causes immediately involved, they arrange themselves at once into a simple 
and intelligible whole if considered in relation to the ultimate objects of the 
act of oviposition. Finis est causa causarum, and the consideration of final 
causes in biology, in spite of the affirmations of some superficial thinkers, is in 
many cases the only real clue to the fundamental nature of the phenomena 
involved. 

Certain abnormal or unusual cases which we have met with during ourstudies 
of Melittobia seem capable of rather simple explanation on the basis of what has 
preceded. Thus a female of the parasite was placed with some living but rather 
desiccated pupae of the ant Camponotus sp. A few of these pupae, which were 
in a rather advanced state of development with the cuticle already slightly 
brownish in colour, were found on examination to have Melittobia, not only 
on the outside of the body but also in the interior where several completed 
their development. A larva and pupa were found even in the head capsule of 
one of the ants. 

This experiment might be considered as evidence that the larva of Melittobia 
is indifferently endophagous and ectophagous, but we do not think this idea 
is correct. The results obtained by the examination of the Camponotus indicate 
rather that because of the partial desiccation of the nymphs there had formed 
beneath the skin a number of cavities filled with air and separated by liquid or 
semi-liquid masses, so as to produce on the parasite a sensation similar to that 
experienced in piercing a Dipterous puparium or an Ichneumonid cocoon, and 
that the eggs were deposited in the internal cavities in which they developed 
in exactly the same manner as upon the internal organs of the Camponotus. 

A case somewhat more difficult to explain is that of the fresh puparia of 
Sarcophaga sp. Several newly formed puparia of this host were placed in a 
tube with a dozen fertilised females of Melittobia, which as has already been 
stated, oviposits freely on this species under normal circumstances. The puparia 
were examined after 6-10 hours, but no oviposition had occurred. The ex- 
periment was continued during several days, the puparia being renewed at 
intervals so that the host might be always in the same condition, but no eggs 
were ever deposited by the parasites either externally or internally. The females 
walked about on the puparia, examined them with their antennae and pierced 
them with their ovipositors in order to obtain the blood of the host on which 
they fed greedily, but they laid not a single egg though when given puparia at 
least three or four days old, they oviposited abundantly in them. 

Now, as is well known, during the early part of the period of pupation in 
the Cyclorhaph Diptera, before the cuticle has become pigmented, there is no 
space between the body of the fly and the wall of the puparium, which is still 
attached to the hypodermis; but at the end of an interval of from 24 to 72 
hours (according to the temperature) the body of the developing pupa detaches 
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itself from the puparial wall so that it is now surrounded by an empty space 
traversed only by the horns of the prothoracic spiracles. During the pre- 
liminary phases of metamorphosis the pupa is thus fairly exactly comparable 
to a naked nymph or larva or at least to a chrysalid of Pieris or Pyrausta. It is 
easy to understand that under such circumstances no eggs are deposited in the 
interior of the puparia, but more difficult to see why the parasite does not 
oviposit externally as on the chrysalids of the Lepidoptera just mentioned. 
The fact that oviposition does not occur until the nymph lias detached itself 
from the inner wall of the puparium shows clearly that there exists for the 
parasite a very marked difference between a puparium in formation and a 
perfectly formed chrysalid. 

The explanation of the refusal of Melittobia to oviposit on fresh Cyclorhaph 
pupae is probably to be found in the fact that the surface of the puparium, 
which though still uncoloured, is nevertheless already hard and chitinised, is 
uniformly smooth and convex, while that of the Lepidopterous pupa presents 
sutures or lines of feeble resistance below which the skin is relatively soft and 
humid, along the edges of the antennae and wing pads. It is along these 
sutures that the eggs of Melitlobia are generally deposited when it is confined 
with Lepidopterous chrysalids, and it is only in such places that the larvae of 
the parasite have any chance of obtaining nourishment. We may therefore 
conclude from this experiment that the host of Melittobia must be an insect 
with relatively soft and unchitinised body wall: that hosts presenting only a 
few rather inaccessible areas of this sort on the surface of the body are accepted 
only in captivity while those presenting a uniformly chitinised body wall are 
rejected. 

(f) Motility of the host. A marked motility is a factor unfavourable to 
oviposition and sometimes prevents it even in the case of hosts otherwise quite 
favourable, such as Everistes roborator. This factor has not necessarily a repel- 
lent effect, however. The Chalcid stings the host repeatedly and thus eventually 
reduces it to a quiescent condition after which it oviposits in the normal 
manner. This phenomenon occurs in the laboratory when the parasite is placed 
with a caterpillar of Pyrausta nubilalis which is not, however, attacked in 
nature. Motility is not, as far as we know, a factor of great importance in 
species which exert a positive attraction on Melittobia. 


(2) Definition of the “normal” host of Melittobia. 


The above analysis covers practically all the main characteristics of the 
hosts of Melittobia!. It shows that in order to be acceptable to Melittobia, an 
insect must in general conform to the following conditions: 

(1) It must be at least twice the size of the parasite and usually much 
larger than it. 

(2) It must be surrounded by an envelope of some sort which may be hard 


' As the preceding remarks are based on laboratory studies, certain ecological characters have 
been neglected; but they are considered in the case of the next species studied. 
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or soft provided that there is a space between the body of the host and the 
envelope. Hosts with a hard cuticula firmly attached to the hypodermis are in 
general unacceptable. 

(3) In nature, the most favoured hosts appear to be thin-skinned larvae or 
pupae surrounded by a protective envelope of some sort, the eggs being de- 
posited upon the body of the victim, either through this envelope or directly 
upon it, after the parasite has made its way into the interior of the envelope. 

In order to determine whether the choice of hosts might not be dependent 
upon some simple stimulus, some experiments were undertaken, along lines 
suggested by the work of F. Picard (1922)'. This author states in his paper on — 
the parasites of Preris brassicae, that if one offers to the female of Pimpla 
instigalor F. a little paper cone soaked in the blood of the chrysalid of the 
lepidopteron, it pierces it at once with its ovipositor and continues to do so 
until the blood is dried up which would seem to indicate that the act of ovi- 
position—or rather the piercing of the host, for the Pimpla laid no eggs on the 
paper cones—is what Picard somewhat improperly terms a “reflex action” 
determined by the odour of the blood of the host. 

A series of experiments of this type was performed. Fertilised females of 
Melittobia were offered a variety of objects, pieces of cork, false cocoons of 
paper, bits of bread, etc., etc., which had been soaked in the blood of Para- 
phorocera senilis, a Tachinid upon which the parasite sometimes develops in 
nature, but the females never inserted their ovipositors into these objects, 
nor did they deposit any eggs upon them. Cocoons and puparia from which 
the hosts had been issued or which contained dead and dried-up pupae, were 
also placed with the Melittobia, but no eggs were deposited and no attempts at 
oviposition occurred. That the act of oviposition in this species is determined 
by any simple stimulus or can be considered, in any real sense of the word, as 
a reflex, seems thus extremely improbable. 

We are therefore obliged to be content with the definition of the “ normal” 
host already formulated. This definition has no doubt a certain positive value. 
It represents, as it were, the general tendency of the habits of the parasite, 
which from what we know of its structure and biology, appears to belong to 
the general group of cavernicolous insects as F. Picard has already suggested. 

It must, however, be recognised that the definition is much too vague to 
be of any real scientific utility. We cannot extract from it any definite and 
certain prediction as to the result of the encounter of Melittobia with a new 
host. 

Until the experiments had actually been performed, nothing in the informa- 
tion previously available indicated that the cocoons of Habrobracon and the 
puparia of Piophila would be inacceptable to the parasite. On the other hand, 
it would have been impossible to say positively that the pupae of ants would be 
attacked in the laboratory. It is true that they correspond perfectly to the 
definition of the “normal host” but so far as we are aware, Melittobia never 


1 Bull. biol. France Belgique, unt. fase. 1. 
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parasitises them in nature. A definition of the typical host formulated before 
the experiments with these species might thus have been at once too broad and 
too narrow: too broad to exclude certain species, which are really repugnant 
to the parasite, too narrow to include all hosts which are accepted if circum- 
stances permit. There is no reason to suppose that our present definition is 
any better. The minor corrections which we have made in it during the course 
of our investigations have really done nothing to remedy its ei and funda- 
mentally empirical character. 


(B) Host selection in Compsilura concinnata Mei. 


In order fully to understand the significance of this result it is necessary to 
examine the problem of host relations in species whose essential polyphagy is 
more evident than in Melittobia. Take, for example, the Tachinid Compsilura 
concinnata Meig., a very common and very polyphagous species. In the cata- 
logue of Bezzi and Stein, more than 50 species of Lepidoptera and Hymenoptera 
(Cimbex and Trichiocampus) are cited as hosts of Compsilura. This list, no 
doubt, contains a few errors. On the other hand, the number of hosts attri- 
buted to the parasites is certainly far inferior to the reality for in the United 
States, where this Tachinid was introduced a few years ago, it has been already 
bred, according to Webber and Schaffner, from two hundred species of 
American insects. The list of Bezzi and Stein is, however, quite sufficiently 
complete for the purposes of this investigation. An unprejudiced consideration 
of the data therein available, demonstrates conclusively the utter impossibility 
of formulating any real definition of the “normal host” of Compsilura con- 
cinnata. It is true that Compsilura attacks only caterpillars, but the hosts of 
a great number of other Tachinids correspond to exactly the same definition. 
Among the various forms of larvae attacked it is impossible to detect any 
common distinctive characters, either fundamental or superficial. 

The caterpillars represented in the list are of all colours: whitish, greyish, 
brown, black, green, blue, yellow, orange and red, with every intermediate shade; 
some are marbled, others spotted or with transverse or oblique or longitudinal 
bands, some species have dark spots on a light ground while others have light 
spots on a dark ground; the combinations of the various colours are as variable 
as the rest and impossible to include in any kind of definition. Some hosts are 
similar in colour or form to the environment in which they live and might be 
said to exhibit “protective coloration” while in others both form and colour 
stand out in sharp contrast to the environment. Some larvae are long and 
slender, others short and stout. The cuticular armature is as variable as the 
form. Certain hosts are glabrous, others bear scattered hairs, which may be 
short or long, filiform or clavate, concolorous with the body or of a different 
colour. Some hosts have an abundant provision of hairs, but arranged in a great 
variety of ways, forming in some instances star-shaped groups or verticels, or 
disposed irregularly or so as to give to the body a felt-like appearance as in 
certain Lasiocampids. In some forms the hairs are arranged in tufts, which 
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differ in the different species in form, number, colour and arrangement. In 
other caterpillars attacked by Compsilura the hairs are replaced by spines 
which may be grouped in verticels or protuberances or implanted directly 
on the surface of the body and are very variable in size and colour. Some hosts, 
like the Sphingids, bear horns on the posterior extremity which in others is 
unarmed. The Processionary caterpillars and those of Euproctis chrysorrhaea L., 
all attacked by Compsilura, are poisonous and bear nettling hairs, though 
in the majority of hosts the hairs are non-poisonous. Some caterpillars para- 
sitised by this Tachinid have strong and disagreeable odours, others are almost 
odourless so far as our sense of smell is concerned. The differences in habit 
between these insects are as great as their morphological differences. Many 
are solitary but some live in colonies which sometimes feed beneath a web or 
tent but sometimes openly. Certain hosts of Compsilura are nocturnal, others 
diurnal, some live on low plants, others on shrubs and bushes, still others on 
trees. The plants on which they feed belong to a great variety of species: haw- 
thorn, oak, plum, pine, spruce, beech, willow, poplar, birch, maple, horse- 
chestnut, alder, lilac, linden, rose, privet, dock, polygonum, spurge, black- 
berry, cabbage, nettle, phragmites, festuca, carex, bullrush and even lichens. 
To sum up, the members of this varied assemblage of species, no matter from 
what standpoint they are considered, have in common only the fact that they 
are all hosts of Compsilura. 


(C) Host selection and systematic affinity. 


It is easy to show further, that even if we had succeeded in formulating a 
definition of the normal host of the parasite considered, the results obtained 
would not necessarily give any reliable indication as to the host relations of 
similar parasites however closely related. There are certainly cases where 
parasites belonging to related species attack hosts belonging to the same or very 
similar species. Thus the Ichneumonids Bathyplectes curculionis Thoms., corvina 
Thoms. and tristis Grav. are all parasites of the larvae of the phyllophagous 
Curculionid Phytonomus posticus Gyll. The Tachinids of the Phasiine group are 
for the most part parasites of Pentatomid bugs. Among the Braconids, the species 
of the genus Dacnusa attack the larvae of Diptera, more especially Agromyzids 
and Phytomyzids, while the Flexiliventres, comprising a small but well-defined 
group (Praon, Aphidius, etc.) are all parasites of Aphids. But in almost all 
such cases exceptions exist which are not always the fruit of erroneous ob- 
servation. Among the Phasiines, the genera Freraea, Weberia and Rondania 
are parasites of Coleoptera. The Chalcids belonging to the family Encyrtidae 
are very generally parasites of scale insects but in the midst of the group there 
suddenly appear several genera having taxinomically no special characters to 
distinguish them as a group from their near relations, which are parasites of 
Lepidopterous caterpillars and differ further from other members of the group 
in that their development is polyembryonic. Among the Tachinidae and 
especially in the Dexiine group, irregularities of this sort abound. For example, 
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Bezzi and Stein, whose arrangement is based on systematic affinities in so far 
as these can be deduced from a study of adult characters, group together in 
their catalogue, the six Tachinid genera, Paratriza, Redtenbacheria, Thelaira, 
Fortisia, Cyrillia and Thrixion. The habits of the first two of these parasites 
are unknown. Of the others, Thelaira attacks Lepidopterous larvae, Fortisva 
the Myriapod Lithobius, Cyrillia the terrestrial Isopod Metaponarthus and 
Thrixion the Phasmids, Bacillus and Leptynia. Thus, in spite of the close 
systematic affinity between the parasites, their hosts belong’ to three different 
classes of Arthropods, viz. Insecta, Crustacea and Myriapoda. 


(D) Host selection and morphological resemblance. 


A considerable diversity in the choice of hosts may exist between species 
still more closely related. 

Under the name of Paraphorocera senilis Meig., European Dipterologists 
generally group together three Tachinids which can scarcely be distinguished 
excepting in the larval condition in which rather feeble but quite constant 
differences exist between them (1922)!. We have found one of these species 
commonly attacking the caterpillar of Pyrausta nubilalis in the greater part 
of Europe, but in spite of thousands of dissections we have never encountered 
the others in this host. Two other species, apparently inseparable on the adult 
condition but easily differentiated in the larval stages, have also been confused 
under the name of Pales pavida Meig. One of these is a parasite of the Proces- 
sion caterpillars, the other of the caterpillars of the Browntail moth (ELuproctis 
chrysorrhoea). 


(E) Host selection and morphological identity. 


Sometimes, there is a clear-cut difference in the choice of hosts between 
two species or races of parasites which we cannot at present distinguish at any 
stage of their life history. Thus, in the United States, there exists a homonym 
of Paraphorocera senilis Meig., the European parasite of Pyrausta nubilalis 
already mentioned. Up to the present we have found no morphological 
characters by which these two Diptera can be separated either in the larval or 
adult stages. It is therefore all the more interesting to note that the American 
parasite, which lives in the caterpillars of Papaipema nitela, does not attack the 
larvae of P. nubilalis, recently introduced into the region. Even when the two 
hosts occur together on the same individual plant only the Papaipema are 
attacked by the parasite. 


(F) Summary of the facts bearing on host selection. 


A scientific treatment of the problem of host relations might be based 
either on an analysis of the factors determining the choice of hosts in particular 
species or on the establishment of a correlation between variations in form or 
degrees of systematic affinity in related parasites and variations in the choice 


1 W. R. Thompson. Proc, Ent. Soc, Wash. Xx1v. no. 4. 
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of hosts. The object of the first method would correspond roughly to the 
ecologist’s definition of the normal or typical habitat of a given species; the 
object of the second, to his establishment of a rather more empirical correlation 
between modifications in form and changes in habitat in groups of species. In 
the latter case, we might do no more than establish certain purely empirical 
laws such as that in a given genus of Ichneumonids, for example, the species 
with the longer ovipositors attack the more brightly marked Sphingid larvae, 
those with shorter ovipositors the species with more sombre colouring; just as 
we might say, that the darker species of a given genus inhabit the eastern part 
of a certain country, the lighter species, the western, without necessarily 
possessing any insight into the reasons for this form of distribution. In the 
former case, our object would be to utilise in the special problem of host re- 
lations the method employed by the ecologist in more general problems, classi- 
fying parasites in reference to their choice of hosts as the ecologist classifies 
animals in reference to their environments as hygrophilous, xerophilous, benthic 
and so on. In the preceding pages, a number of facts have been considered 
from both these standpoints, but with negative results. It has been found im- 
possible either to define in any really satisfactory manner the typical host of 
a parasite or to establish a correlation between variations in the form or 
systematic position of the parasite and those of the host. 

It is true that the material studied certainly did not comprise all the hosts 
of Compsilura, and that among the species not included in our list, there are 
undoubtedly a considerable number having an attraction for the parasite. But 
the addition of these species would only enlarge the definition of the normal 
host; it would not help us to determine its positive characteristics; it would 
not make the definitions more definite. It seems that the material which we 
already possess ought to have been amply sufficient to permit us to formulate 
at least a provisional definition. Our failure is thus not due to insufficient 
information. It must therefore be due to an improper treatment of the data. 
For example, we have considered chiefly the morphological and ecological 
characters of the hosts. It has, however, been suggested, that the attraction 
exerted by the host upon its parasites may be chemical in nature. “Tout 
récemment,” says Professor E. Rabaud (1922)!, in his work on Adaptation 
and Evolution, “F. Picard a bien montré que la convergence d’un grand nombre 
d’insectes vers le figuier était principalement un effet de chimiotropisme.. .. 
De tout animal comme de toute plante, émane une odeur qui attire ou re- 
pousse d’autres animaux. Les preuves abondent: |’une des meilleures réside 
dans la spécificité plus ou moins grande que l’on constate dans cette attraction ; 
la spécificité résulte nécessairement, au moins dans l’immense majorité des cas, 
d'une action d’ordre chimique.” 

It is evidently quite possible that the choice of hosts by parasites is due 
principally to causes of the chemical order, the parasite being attracted chiefly 
not by the form or colour of the host, but by its odour. However, this fact, if 

1 Paris: Et. Chiron. 
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it is a fact, really does not affect the essential character of the problem nor 
constitute a solution of it. To save the principle of scientific determinism we 
must admit that the various hosts are not simply similar but identical, con- 
sidered as causes of the parasites behaviour. But, as far as we can judge, the 
hosts of Compsilura differ by their odours as much as by their other attributes. 
We have in any case no reason to deny this, nor to suppose that the different 
host species appear identical to the parasite in respect to any particular group 
of their perceptible qualities no matter what these may be. 

It is perhaps necessary to point out further that what we call “ physico- 
chemical” properties do not differ essentially from the properties with which the 
morphologist deals. The employment of the methods of physics and chemistry 
would certainly complicate enormously the study of the problem but there is no 
reason to affirm that it would lead to conclusions radically different from those 
which have emerged from morphological investigations. The very fact that no 
definite relation can be discerned between the systematic arrangements of hosts 
and parasites is in itself an indication that the choice of hosts is not a phe- 
nomenon reducible to an interaction between bodies endowed with definite 
and constant physico-chemical properties. It is of course obvious that if we 
start from the assumption that all phenomena resulting from the encounters 
between living organisms are necessarily reducible to interactions of the 
physico-chemical order, we shall inevitably be led to reject these conclusions 
for reasons of principle and can of course ascribe our failure to solve the pro- 
blem to an insufficient analysis of the data or to our profound ignorance of 
biological processes. Such an assumption is however in our opinion quite 
unjustifiable. 


(G) Significance of the data bearing on host selection. 


In order to understand the real significance of our results, we have only to 
reduce the problem of host relations to its most general terms. 

A certain series of complex but essentially constant reactions results from 
the encounter of an organism with a certain number of environments ap- 
parently different. There is no reason to believe that the condition of the 
organism has varied; we must therefore admit, either that there is in reality 
no fundamental difference between the different environments or else, that the 
acts of the organism are not strictly determined; in other words, that a re- 
action R can be determined in an organism O not only by an environment F 
but by a whole series of really different environments £ 1, E 2, EF 3,..., etc., 
whose number, although not infinite, cannot be exactly defined. 

This conclusion is, however, to say the least, somewhat unsatisfactory. 
That the acts of an animal are wndetermined in the strict and absolute sense 
of the word is really unthinkable, and in contradiction, not only with the 
principles of scientific investigation but with the laws of reason. 

But, if the choice of the hosts is not undetermined, in what exactly does 
its determinism exist? Although the characters of the hosts of Compsilura 
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concinnata were considered from all possible standpoints, it was found im- 
possible to formulate a definition applying to all the hosts of the parasite, and 
to them alone, and as A. Giard! long ago reminded us, a good definition must 
convenire toto et soli definito. 


(H) The true nature of the problem. 

It may, however, be suggested, that if we have not so far arrived at any 
intelligible notion of the behaviour of the parasite in respect to its host, this 
is simply because we have lost sight of the most important aspects of the matter 
and have attempted to deal with the problem by radically inadequate methods. 

It seems to us that the problem of parasite specificity is in reality essentially 
a psychological problem, that, although it can at least be reduced to an in- 
telligible form by psychological methods, all attempts to deal with it as a mere 
physico-chemical or even reflex action, can only lead to failure. 

It is of course impossible for us to deal directly with the psychology of 
creatures other than ourselves. It is however sufficient to consider the re- 
semblances between our own activities and those of lower animals, to be 
convinced that they are in certain respects very similar and derive from 
similar causes, so that by considering the life of the senses as we know it in 
ourselves, we can obtain some positive data of the highest importance in con- 
nection with the present problem. For example, it can hardly be doubted that 
the choice of food in man is a phenomenon comparable in many ways to the 
choice of hosts by parasitic insects. We have to do in both cases with attrac- 
tions exercised on an organism by a series of bodies possessing certain groups 
of physico-chemical and morphological properties, determining in the organism, 
whose general condition remains constant, reactions of an essentially identical 
character. 

Now, we might discuss at great length the exact nature of the attraction 
exercised on the parasite by its host—or by its food, for the two cases are 
essentially similar—without arriving at any definite conclusion, simply be- 
cause the data acquired by observation do not include the elements of a 
solution and can only be utilised if incorporated in an explanation of the 
analogical order, whose basis is obtained by the introspective study of our own 
mental reactions, this being in fact the only possible way we have of examining 
phenomena of the psychological order from within—as they are in themselves. 
The formulation of pseudo-explanations of the anthropomorphic order consti- 
tutes the danger of this method of treatment, but with a little care this difficulty 
can be avoided. 


(I) Host selection as a psychological problem. 
The question at issue is whether the attraction exerted on the organism by 
the various food materials it utilises is fundamentally identical. 
A little introspection will convince any unprejudiced observer that it is not. 


An equal and identical attraction is exerted upon us by substances whose 
1 @uvres, vol. 1., Paris. 
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properties are as different as they well can be. These substances have generally 
well-marked and characteristic odours, but their odours are as distinctive and 
different as their other qualities. The difference in the causes of the attraction 
is thus as marked and in many cases even more marked for properties of the 
chemical order than for the others, exactly as we supposed would be the case 
for the hosts of the parasite. A simple glance at the most ordinary events of 
our daily lives will provide us with innumerable proofs of this contention. To 
take the first example that presents itself, we find apples and oranges both 
attractive. But the proper object of the attraction is not in the least an ideal 
object or some vague group of properties common to both apple and orange. 
The qualities which attract us in an apple are precisely those which specifically 
characterise this fruit and differentiate it from the orange, whose attraction, 
though equal to that of the apple, depends on a group of qualities proper to it 
and quite different from those of the apple. In the same way, coffee and beer 
are no doubt identical in so far as they are both causes of the act of drinking. 
But they are not identical in respect of their perceptible qualities. It is true 
that they have in common certain properties which they share with all liquids. 
But the qualities which induce us to drink the coffee, are emphatically not 
these common properties, but the taste and odour which specifically charac- 
terise coffee and distinguish it from beer. It is true that the absorption of these 
two liquids does not have exactly the same effect on the organism and that the 
diversity of reactions on the organic or physiological plane is correlated with 
the difference of properties. It is, however, equally true that on the sensory 
plane, these different substances, though indeed perceived as different, de- 
termine essentially identical reactions. 

These conclusions are drawn from the consideration of that aspect of our 
vital activities which is common to man and other animals. There is therefore 
no reason why they should not be applied to the phenomena of host relations, 
and no reason why we should suppose that the various hosts of a given parasite 
are any more identical for it as objects of perception than the various sub- 
stances we use for food and drink are identical for us. The identification of 
these objects, as causes of the behaviour of the organisms considered, remains 
nevertheless a logical necessity. The whole problem is to determine in what 
this identification consists and how it takes place. The treatment of this 
question is necessarily somewhat laborious and delicate. 

It is evident, to begin with, that the identification of the attractive objects 
is not effected by means of the images of the objects, or of the sensations ex- 
perienced by the organism. The image is simply that by which the object is 
apprehended with its perceptible qualities; the sensations simply furnish, so 
to speak, the elements of the image. Furthermore, it is very easy to see, in a 
general way, that the knowledge of the object as it is, cannot possibly be in 
itself the sufficient cause of the behaviour, for if this were so, we should have 
had no difficulty in defining the cause of behaviour in terms of the qualities of 
that object. For example, weshould have found it possible to formulate a precise 
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definition of the normal host of a given parasite in morphological or physico- 
chemical terms. 

As we know, two parasites, both polyphagous, may be attracted by two 
groups of hosts in part or even totally different. It follows that the identifi- 
cation of the hosts of a parasite, or, more generally, of the objects by which 
any organism is attracted, is in some way a function of the specific nature of 
the organism itself. In other words, it is not the object as it is, purely and 
simply, which is the sufficient cause of the behaviour, it is the object in so far 
as it has a relation to an organism with a certain specific constitution. But it 
is clear from what precedes that this relation is not an actual relation. It can 
therefore only be a potential relation. 

The attack of the parasite on the host is in fact one of those cases in which 
the sensations experienced by an animal, or to speak more accurately, its per- 
ception of an object, cause it to perform actions connected only with potential 
relations between it and the object. 

Thus, at the instant when we begin to eat an apple, we may never have 
tasted this fruit. We know its odour, its colour, its form, its surface, but the 
apple as felt, seen and smelt is one thing, the apple as tasted another. The apple 
as tasted is, however, still unknown to us. Why then do the odour, the form and 
the colour of the fruit lead us to the specific action of eating? The only possible 
answer to this question, which is in addition the answer to the whole problem 
of parasite relations, is that the perception of the apple has been followed in 
our mind by a kind of judgment, call it what you will, that the apple is eatable, 
and the point is important, eatable for man. But this same notion also arises 
in the mind upon the perception of the orange. These two objects are thus 
identical and determine the same series of actions in that they are both judged 
comestible by the sentient subject. 

It would seem, however, that to be comestible, an object must have certain 
definite characteristics and that it should therefore be possible to formulate a 
definition of it in terms of its properties and correlate them with the perceptible 
qualities of the object. Such a procedure would of course be equivalent to the 
definition of the cause of behaviour in terms of physico-chemical or morpho- 
logical properties. 

Unfortunately, in spite of its plausibility, this idea is quite fallacious. To 
begin with it is quite impossible to formulate a general definition of comestible 
objects as such. In this sense the properties of comestible objects may be said 
to be indefinite. The eatable can be defined only in relation to this or that 
organism belonging to a given species. Thus, strychnine, a violent poison for 
man, can be absorbed with impunity by birds, as recent experiments have 
shown. On the other hand, we have already shown that it is impossible, even 
for a given species, to define the eatable object in terms of its perceptible 
qualities. It is not absolutely indeterminate in character, but, nevertheless 
cannot be defined exactly any more than an organ of flight can be defined in 
terms which are anything but the name of the organ in other words. Thus, even 
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if the comestibility of a substance for a given species were connected with a 
certain group of physico-chemical properties, it would still be true that between 
that group of properties and the perceptible qualities of the object, there is 
from a scientific standpoint no constant and necessary connection. Thus 
Amanita caesarea Scop. and Clitocybe nebularis Batsch. are both comestible for 
man, but the characters these two mushrooms possess in common are also found 
in the poisonous Amanitas. Furthermore, as is well known, the various aliments 
of a given species differ as much by their chemical composition as by their 
morphology, of which the physico-chemical structure constitutes in fact the 
foundation. We may say in a general way, that morphological differences 
express differences in nature, and that differences in nature express themselves 
at all points and all levels of the organism. 

Thus, even with respect to a given species, no definition of substances 
which at once includes all comestibles and excludes all non-comestibles, can 
possibly be formulated. The reason of course is, that what constitutes the alli- 
ment is simply the fact of being assimilable by the living organism, and that 
assimilation in any given cases depends not so much on the qualities of the sub- 
stance absorbed as on the specific physiological activity of the organism itself. 

Although it is thus impossible for us to define in terms of physico-chemical 
or morphological properties the food material which will attract or nourish a 
given animal, it does not follow that the behaviour of the animal is undeter- 
mined in the absolute sense of the word. The attraction of a desirable object 
for an animal, is strictly determined and invincible, so that as one of the old 
philosophical writers has said, it throws itself upon the object, as fire goes 
upwards, without having to exercise anything in the nature of true choice. 
The animal can no more withdraw itself from the influence of the attractive 
object than a piece of iroa can withdraw itself from the influence of a magnet. 
Each single phase of its behaviour is thus strictly determined. But it is im- 
possible for us to add together these separate determinisms so as to include 
them in a synthesis which is scientifically comprehensible. The fundamental 
relation which no doubt exists between them seems to be inaccessible to 
scientific investigation. 

The preceding remarks are applicable in their entirety to the problem of 
host relations. Other things being equal, the attraction exerted by a given 
host upon parasites of a particular species is constant, invariable and strictly 
determined. Nevertheless, considered in general, the host relations of a given 
parasite present from a scientific standpoint what may be termed a relative 
indeterminism, by which we mean that it is found impossible to deduce from 
the data no matter how extensive they may be, any certain conclusions as to 
the behaviour of the parasite in relation to a new host, or more generally any 
real law of host relations even applicable to a single species. In no case is it 
possible to define the “typical” or “normal” host of a parasite in terms of its 
morphological or physico-chemical characters so as to permit an a priori 
identification. 
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It is doubtless true, that the degree of indeterminism appears to vary some- 
what in different cases. Thus, among the Braconids, the genera Praon, 
Aphidius, etc. are reared only from insects of the family Aphididae, while the 
Tachinid Compsilura concinnata attacks hosts belonging to a great number of 
families distributed in two different orders. On first sight it seems that the 
choice of hosts in the Aphid parasites is a more orderly and intelligible phe- 
nomenon than the choice of hosts in Compsilura, from which one might easily 
be led to conclude that the order apparent in the one case exists also in the 
other, though concealed beneath a superficial confusion. The fact is, however, 
that the apparent difference between these two cases is quite illusory. That 
Praon and A phidius are parasites of Aphids means no more than that Compsi- 
lura and Tachina are parasites of Lepidoptera. Why a given species of Praon 
picks out certain species of Aphids is quite as difficult to understand as why 
C. concinnata picks out certain species of Lepidoptera. No law applicable to 
particular cases can be discerned in either of the instances cited. 

If the foregoing conclusions be admitted, it at once becomes evident that 
the problem of host relations is not one which is fundamentally amenable to 
scientific treatment. Many interesting and useful facts can still be discovered 
in this field, but these facts cannot be arranged, at least from the purely 
scientific standpoint, into any coherent and orderly whole. In a word, we are 
obliged to abandon the idea of formulating in scientific terms the laws of the 
phenomena of host relations. 

But if the problem of host relations is an ecological problem, as suggested 
at the beginning of this paper, these pessimistic conclusions may seem some- 
what unjustified. In other investigations of this order, the analytical and com- 
parative studies of the ecologists have led, in many cases, to an understanding 
of the factors determining the distribution of organisms and their relation to 
their environment. 

Thus, to take but a few out of the vast number of available examples, 
Cook (1920)! has found it possible to explain the variation in the composition 
of an insect fauna in terms of certain relatively simple changes in meteoro- 
logical factors. The limits of distribution and the differences in the life cycle of 
many organisms have been shown by other writers to be an effect of such 
simple factors as temperature and moisture, or in the case of aquatic animals 
or plants, of certain chemical constituents such as sodium chloride. A most 
interesting study of the composition of the fauna of sand dunes, in which the 
effect of variations in temperature on the various inhabitants is discussed, has 
been published by Chapman (1925)? in his important treatise on Animal 
Ecology, wherein may be found a résumé of many investigations of the sort 
with which we are now dealing. In the case of certain factors, such as tempera- 
ture, moisture, salinity and the like, it seems that the laws governing the dis- 
tribution of certain organisms can be expressed not merely qualitatively but 


1 18th. Report St. Ent. Minnesota. 
2 Burgess-Broke, Inc. Minneapolis. Minn. 1925. 
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quantitatively and the character of their distribution throughout the environ- 
ment predicted in advance. 

A possible objection to our conclusions is therefore that the problem of the 
distribution of a parasitic insect among the available hosts, is a problem 
analogous to those mentioned, differing from them only in degree and conse- 
quently susceptible of solution by methods essentially similar if necessarily 
more complex. 

To this we answer that even though the causes of some biological phe- 
nomena can be shown on analysis to be reducible to definite and constant 
combinations of certain physico-chemical causes, this is not necessarily or even 
probably true for all biological phenomena. A detailed study of this phase of 
the subject does not enter into the scope of this paper. We have already noted 
that the comestible, even for a given species, is not capable of exact definition 
and have indicated that the same thing is true in regard to certain sensory 
responses. A few additional remarks may serve, however, to clarify the general 
question. 

Although there are certain reactions of the animal which occur, so to speak, 
below the threshold of sensible perception, being purely physiological, we may 
assume, without any temerity, that the movements of the type with which we 
are here concerned, have their inception in sensory impressions. Again the 
most superficial observation of animal behaviour, if aided by a little common 
sense, will show us that the positive and negative reactions to stimuli affecting 
the senses, are determined by states of what we may call broadly, comfort and 
discomfort, including therein, not only sensory pleasure and pain, but also the 
analogous but distinctly different states produced by pleasant and unpleasant 
sights, odours and tastes. 

Now, the genesis of sensations of comfort and discomfort is not equally 
uniform in the case of all the senses. The group constituted by sight and hearing 
whose operation does not imply any organic modification of which the subject 
is conscious and for whose positive and negative reactions (in so far as their 
true objects are concerned) it is difficult to find appropriate terms, differ 
greatly in this respect from the group comprising the senses of smell, taste and 
what is commonly called touch, whose operation implies a modification of the 
organism consciously appreciated by the subject. 

It is quite impossible to reduce to any simple combination of factors, the 
causes of what is pleasant and unpleasant to sight and hearing. The cases which 
seem susceptible of such interpretations, including variations in the intensity 
of light and sound such as to cause actual pain or discomfort, include in reality 
impressions of the tactile order; as for example, the effects produced by violent 
lights or sounds or the feeling of “oppression” (the word in itself indicates the 
tactile nature of the sensation) which we light-loving organisms experience in 
total darkness. 

The positive and negative reactions of the senses of smell and taste, though 
agreeable and disagreeable in a more material sense, are still most varied in 
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their origins. The examples cited earlier in the paper show this clearly and a 
study of animal behaviour in general would lead to similar conclusions. The 
positive and negative reactions of insects, for example, are often obviously due 
to impressions of the olfactory and gustatory groups, but even in the case of a 
given species, no simple definition of the cause of olfactory or gustatory pleasure 
or discomfort can be formulated, though the field of choice is evidently narrower 
than is the case with visual and auditory impressions. 

The senses relating to temperature (heat and cold) and resistance (hardness, 
softness, texture, etc.) in whose operation the conscious modification of the 
organism attains a maximum, since they are of all the senses the most 
material, are naturally those whose specific stimuli can be most completely and 
accurately defined in terms of material factors. Although at any given moment 
the tastes or odours appealing to our gustatory and olfactory senses may be 
of great diversity, this is not so in regard to such a factor as temperature. At. 
a given moment, other things being equal, a given temperature will afford the 
maximum of comfort, and increasing departures from it in either the positive 
or negative direction, an increasing discomfort. The same thing may be said 
in regard to such factors as atmospheric moisture, light and sound considered 
in respect to their intensity, 7.e. in so far as they affect the sense of touch, and, 
in general, in regard to all factors which determine tactile impressions of 
various types. 

An examination of successful ecological investigations will show that the 
material utilised by the ecologist in formulating explanations of animal dis- 
tribution, in so far as this has its ultimate origin in sensory impressions, is 
composed of factors of this type. The causes dealt with are almost exclusively 
causes determining impression of the tactile order. The importance of sen- 
sations of any kind in the determination of animal movements, is proportional 
to the intensity with which the subject is affected and, as we have seen, tactile 
impressions are, organically speaking, of all the most intense, and of all the 
most closely connected with the important physiological processes. It may 
therefore be possible to some extent in certain cases at least, to describe or 
predict the movements of organisms in terms of such factors. 

It must, however, be noted, that even in respect with these factors, animal 
behaviour presents more flexibility than it is apparently assumed to possess on 
the basis of ecological speculations in which the organism seems generally to 
be considered as essentially immutable in its reactions. The power of adapta- 
tion, clearly evident in such phenomena as reaction to heat, cold, moisture and 
drought, light and darkness, salinity of water, and so forth, is really consider- 
able, and it may be asked whether, this being so, it is possible either to predict 
with accuracy what an organism will do in a certain environment, or to define 
the optimum conditions for its existence. So far as sensory impressions are 
concerned, the power of adaptation means the power of changing the value of 
the optimum conditions. The optimum for our sense of temperature is the 
temperature at which we feel comfortable, but our comfort, within wide limits, 
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is an affair of adjustment to our surroundings. Furthermore, it may be taken 
as a general rule, that our sensorial comfort is a moderately good indication of 
our physiological well-being. 

From this it follows, that living organisms as measures of tangible qualities 
are not equivalent to purely physical instruments, such as thermometers, 
since the essential characteristic utilised in measurement though constant in 
the physical instrument, is inconstant in the organism. Any attempt to corre- 
late these two kinds of measurement—and such attempts really constitute the 
essence of modern ecological studies—cannot lead to absolutely trustworthy 
results. 

From the foregoing discussion it will now be sufficiently evident that, 
whether the choice of hosts be considered as due to a sensorial attraction, 
exerted by the properties of the host on the parasite, or conditioned simply by 
the inherent suitability of the host as a medium for larval development, the 
exact definition of the typical host of a given parasite in terms of physico- 
chemical or morphological properties is impossible. 

We find ourselves obliged to admit at the end of this lengthy analysis of the 
problem, that the only really accurate definition of the typical host of a given 
parasite is that it is one suitable for the development of the parasite’s eggs and 
larvae. This result agrees exactly with that obtained in the detailed examina- 
tion of the habits of Melittobia. Considered purely and simply in relation to 
the efficient causes involved, the phenomena examined present the appearance 
of an inextricable and bewildering confusion no matter from what angle they 
are studied. Considered from the standpoint of the end to which the phenomena 
tend, they arrange themselves at once in an intelligible whole. 

The selection of hosts by the adult parasite thus appears as in perfect 
agreement with the classical idea of instinct which some biologists now tend 
to abandon. The definitions of instinct are numerous and varied and not often 
inaccurate. The essential feature of instinct is, however, simply the power of 
acting as if deduction were drawn from properties which are the immediate 
object of apprehension, in regard to other properties not yet or never experienced. 
The purely instinctive operation takes place as if a judgment on the desir- 
ability or suitability of a given object had been formulated by the animal, 
although it does not possess either the data necessary for such a judgment or 
the mental equipment required for producing a judgment in the true sense of 
the word. In other words, it acts as if it were arranging things reasonably in 
relation to a given end, although it really cannot reason and can have no 
vision of the end. It cannot be supposed that the mudwasp which builds a 
nest, fills it with food, deposits its egg, and closes the structure, has any real 
idea as to what its egg will bring forth or how the arrangement it has made will 
protect the larva and provide for its development, but that the acts do in fact 
constitute an orderly arrangement adapted to this purpose there can be no 
question whatever. 

In the same way, although we are quite unable to determine, in terms of 
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morphological or physico-chemical properties, just how parasites choose 
suitable hosts for their larvae, it is impossible to deny that the hosts chosen 
are usually suitable. During the course of our studies on the biology of insect 
parasites we have had occasions to dissect not hundreds but thousands of 
certain species of hosts and though these have been examined with the greatest 
care, hardly any indications of erroneous selection have been found. That such 
mistakes do occur is of course certain. Although the parasite is usually attracted 
to suitable hosts its deductions as to their suitability (to speak in anthro- 
pomorphic terms)! are based on each particular case, on the external properties 
which are the subject of immediate apprehension. Mistakes are not due to any 
lapse in the efficiency of its instinct but rather to the fact that the connection 
between the properties of objects is to some extent contingent so that things are 
not always what they seem and the parasite can be deceived by an unsuitable 
host as a man can be deceived by a poisoned apple, or to the fact that the im- 
pulsion of appetites too long unsatisfied causes it to accept things which would 
normally repel it, as a very thirsty man will drink foul water, from which he 
would normally recoil in disgust. These simple analogies, if considered with care, 
will be found to provide the essential explanation of the “errors of instinct” 
to which biologists are fond of pointing as arguments against the classical 
conceptions of animal psychology. 


V. CoNcLUSIONS. 


The general conclusions of our investigation are that the problem of host 
relations or, as it is sometimes called, of the specificity of parasitism, is not one 
susceptible of any general solution in scientific terms. A careful investigation 
will often bring to light the main factors involved in the attraction exerted 
upon a parasite by a given species of host, but there is no reason to believe that 
these factors are the same for all the hosts attacked or that it is possible to 
define in terms of physico-chemical or morphological characters the “ideal” 
or “typical” host of a given parasite. As for the idea of defining the “ideal” 
or “typical” parasite of a given host, it is a fallacy. 

From this it follows, that in such measure as ecological studies have to do 
with new or hitherto unobserved encounters between parasites and hosts, 
they cannot lead to any certain conclusions, because the results of the en- 
counters, involving as they do certain phenomena of a relatively indeterminate 
character, essentially refractory to scientific treatment, cannot be predicted, 
even by a careful utilisation of the data already collected concerning the habits 
of the parasites in question. These phenomena considered in their general 
aspect can be dealt with only in an empirical manner. They do not lend them- 
selves to any simple treatment, even of the qualitative order, still less is it 
possible to reduce them to a quantitative form. This fact cannot be eliminated 

1 The actual process probably consists in nothing more than a desire to oviposit awakened by 


the perception of the object. No formal judgment occurs. The suitability of the act.is evident to 
us, but there is no reason to suppose that it is evident to the insect. 
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by elaborate disquisitions as to the value of mathematical methods in other 
fields or by appeals to the general principle of scientific determinism. The 
phenomena involved in the problem of host relations, though apparently some- 
what remote from ordinary things are in reality essentially similar, as has been 
pointed out, to the problem of why we find both apples and oranges attractive 
and why we can assimilate both beef and bread. If we cannot solve such 
simple questions as these it would be useless to embark on the essentially 
similar but infinitely more difficult and complex problem of the host relations 
of entomophagous parasites. Unless we can frame a true definition of human 
food in terms of physico-chemical or morphological properties which at once 
includes all substances attractive and assimilable for man and excludes all 
others, we cannot hope to define the ideal host of a parasite and reduce to any 
simple terms the varied aspects of its behaviour. But such definitions as we 
can frame are simply abstractions, shadows of reality in which no explanation 
of the realities of behaviour can be found. 

The application of these conclusions to practical problems of entomological 
parasitology, such as the transfer of phytophagous insects, or their parasites 
from one country to another, is obvious. No investigations in the country of 
origin, no matter how laborious or extensive, will allow us to predict with 
certainty the réle of a phytophagous insect or a parasite in a new faunal zone. 
A general notion of the effect which will be produced by the meteorological 
conditions of the new area may indeed be obtained, but nothing certain can 
be said as to the interactions between an insect and its possible parasites or 
between a parasite and its possible hosts. The more important the part played 
by the parasites in relation to the abundance of their hosts, in any given case, 
the less likely it is that such predictions as the ecologist can make will be 
justified by events. 

It would therefore be unwise to rely too much on ecological studies in 
practical work of the type described. Experiment alone can supply an answer 
to the questions involved in such problems. 


VI. GENERAL SUMMARY. 


1. Introduction: We have little understanding of the true réle of parasitic 
insects in the maintenance of the natural equilibrium chiefly because few efforts 
have been made to interpret the available data. 

2. This is especially true concerning the problem of host relations which 
is in many ways of fundamental importance. 

3. To solve the problem of host relations we ought to be able: (a) to deduce 
from a study of the host the composition of its parasitic fauna; (b) to deduce 
from a study of the parasite the composition of its host list. 

This would necessitate (1) the definition of the “typical” or “ideal” para- 
site of any given host; (2) the definition of the typical or ideal host of any given 
parasite; (3) the establishment of a correlation between such definitions and 
morphological or systematic data in such a way that conclusions could be 
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drawn concerning species whose habits had not yet been the subject of direct 
observation. 

The object of the present paper is the examination of this problem. 

4. The problem of the host relations is simply the problem of a particular 
kind of animal association. From analogy with other problems of this type, 
we may deduce that the idea of formulating a definition of the “typical para- 
site” of a given host is fallacious. A consideration of the data in regard to the 
parasitic fauna of various hosts confirms this as does experimental evidence. 
The attraction exerted by the host on the various members of its fauna is not 
necessarily identical or even similar. 

5. The only feasible method of attacking the problem is therefore the 
analysis of the behaviour of parasites with the object of defining their “typical 
hosts.” 

6. An experimental study of the host relations of Melittobia acasta Walk. 
was conducted in the laboratory and an attempt made by the analysis of the 
characters of the various species accepted or refused by the parasite, to formu- 
late a definition of the normal host. 

7. The nature of the hyperparasitic and gregarious habits are discussed in 
connection with the habits of Melittobia. An effort is made to discuss the 
true causes of the phenomena. 

8. A study of the variations in oviposition habit in relation to the parti- 
cular characteristics of various hosts shows that these variations, though com- 
plex and very difficult to explain in relation to the efficient causes involved, are 
easily explained if considered in relation to the object of the behaviour. 

9. A general definition of the host of Melittobia acasta was formulated on 
the basis of the observations and experiments performed. 

10. Attempts to simplify the definition and discover for the phenomenon 
of attraction some simple stimulus, completely failed. 

11. A critical examination of the definition of the normal host of Melittobia 
shows that though it indicates the general trend of behaviour in the species 
studied, it is at once too narrow to include all possible hosts and too broad to 
exclude all species which might be refused. 

12. A detailed study of the extensive data available on the host relations 
of the Tachinid Compsilura concinnata Meig. confirms the above results and 
shows that the typical host cannot be defined in relation to either morphological 
or physico-chemical characters. 


13. It is shown further (a) that the fauna of systematically related parasites © 


though sometimes similar are not necessarily so and may be very different; 
(b) that parasites so similar as to be morphologically inseparable in most 
or all stages of development may have different host relations. 

14. A scientific treatment of host relations along ecological lines whether 
(a) by the establishment of an empirical correlation between systematic 
position and habitat or (b) by the definition of the parasite in terms of its 
habitat is thus impossible. 
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15. It follows that the acts of the parasite are not strictly determined if 
considered simply in relation to the physico-chemical and morphological 
properties of the host. 

16. The reason for this is the fact that the choice of hosts is primarily a 
phenomenon of the psychological order which can be understood only by 
analogy with a similar process, such as the choice of food, in regard to which 
direct knowledge can be obtained by introspection. : 

17. A comparison along these lines leads to the conclusion that the choice 
of hosts, like the choice of food, is not a phenomenon which can be referred to 
any constant and definite efficient cause exterior to the organism; in certain 
cases the substances selected differ entirely in their properties and are identical 
as causes of behaviour only in that they are all agreeable to the organism con- 
cerned. In other words, the cause of behaviour is one only upon the psycho- 
logical plane. Both food and hosts may be considered in relation to their 
suitability in relation to a given organism, but again the only category in 
which all types of food and hosts can be grouped is that of assimilable sub- 
stances. The cause of behaviour considered from this angle is one only upon the 
physiological plane. 

18. Pursuing the analysis of the process of food or host selection one finds, 
that this process occurs as if the suitability of substances as food or as hosts, 
obviously not in atself perceptible, were deduced by the animal from the per- 
ceptible qualities, though we have no reason to suppose that any conscious 
judgment occurs in the animal mind. This conception which corresponds 
exactly to the classical idea of instinct is the only one which seems to fit all 
the facts of the case. 

19. An apparent objection to the views here advanced, based on the fact 
that the choice of the habitat in many animals seems to have been expressed 
with sufficient adequacy in terms of simple factors having certain quantitative 
values owes what force it possesses to the fact that the factors considered are 
those affecting the tactile sense in various ways, this sense being that in which 
the qualities of the object perceived affect the sentient subject most acutely so 
that his sensory impressions of pain and pleasure, ultimate sources of his 
actions, are more nearly measures of the qualities perceived than is the case 
with other senses. It is to be noted further that the objects of the tactile 
sense are essentially less varied than in such senses as taste, smell and 
sight, and that many stimuli classed as gustatory or visual are in reality 


tactile. 


In view of the undeniable adaptive power possessed by organisms, it is 
however doubtful whether tactile impressions really constitute a valid measure 
of tangible qualities, or that movements induced by tactile pleasure and pain 
can be considered for a given organism as due to certain constant values of 
these qualities as measured by physical instruments. The results obtained up 
to the present do not constitute by any means a sufficient answer to this 
difficulty and have in any event but little bearing upon the problem of host 
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selection which there is no reason to consider as determined by impressions 
uf the tactile order. 

20. There is therefore no reason to suppose that the accumulation of data 
on the host relations of entomophagous parasites will ever lead to the discovery 
of laws of parasite distribution permitting us to correlate the properties of 
parasites with those of their hosts so that we can predict in advance the host 
list of a given parasite or the parasitic fauna of a given host. The data collected 
may suggest interesting hypotheses or facilitate greatly operations of the 
practical order, but they have in themselves, only an empirical significance. 
The laws underlying the problem of host relations are not capable of expression 
in scientific terms nor discoverable by scientific methods. 

21. From this it follows that in problems involving the practical wtiliaation 
of entomophagous parasites, as for example, when these species are trans- 
ferred from one country to another, we have no means of predicting results 
because it is impossible for us to foretell the behaviour of the parasite with 
regard to the possible host insects of the new area. It would therefore be futile 
to make the execution of such projects dependent upon investigations in the 
native home of the parasite and designed to supply advance information as to 
the results obtainable. Such studies, while no doubt of great interest and value, 
cannot lead to any certain conclusions in regard to the question at issue, which 
experiment alone will solve. 


(MS. received for publication 4. 1x. 1926.—Ed.) 
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SOME PARASITIC WORMS FROM ARAPAIMA GIGAS 
(TELEOSTEAN FISH) WITH A DESCRIPTION OF PHILO- 
METRA SENTICOSA N.SP. (FILARIOIDEA)!. 


By H. A. BAYLIS, M.A., D.Sc. 


(With 12 Text-figures.) 


Tue “ Arapaima,” “Piraruci” or “ Piré-Uruct,” of the large rivers of Brazil 
and the Guianas is the largest strictly freshwater fish known. It is said to reach 
a length of 15 feet, and a weight of more than 400 Ibs. It is known to science 
under the name of Arapaima gigas (Cuvier). For the following list of synonyms 
I am indebted to my colleague, Mr J. R. Norman: 

Sudis gigas Cuvier, 1817. 

Sudis pirarucu Spix, 1829. 

Arapaima gigas Miiller, 1846. 

Vastres cuvieri Cuvier and Valenciennes, 1846. 

Vastres mapae Cuv. and Val., 1846. 

Vastres agassizii Cuv. and Val., 1846. 


The Arapaima is an animal of some economic importance in South America, 
where it is largely fished, its flesh being a common article of food. It is a 
coarse fish, with very little flavour, but the flesh is salted and sun-dried by 
the natives, who use it chiefly as a “stand-by ” on canoe journeys, or at seasons 
when fresh fish is not easily obtainable. It does not commend itself greatly 
to European palates. H. W. Bates, for instance, describes it as “stale and 
stringy” and as “execrable.” An interesting account of the habits of the fish, 
the native methods of fishing for it, and its economic uses, is given by Ferreira 
(1903). 

The following parasitic worms have been recorded from the Arapaima: 


Habitat 
Goezia [Lecanocephalus] spinulosa (Diesing, 1839) Stomach 
Ascaris serrata v. Drasche, 1884. (=A. draschei Stossich, 1896) Stomach 
Camallanus [Cucullanus] tridentatus (v. Drasche, 1884) Stomach or intestine 
Gnathostoma [Cheiracanthus] gracilis (Dies., 1838) Stomach 
Polyacanthorhynchus [Echinorhynchus] macrorhynchus (Dies., 1851) Intestine 
Schizochoerus [Monostomum] liguloideus (Dies., 1850) Body-cavity 


Nesolecithus janickii Poche, 1922. ( =“ Amphilina liguloidea” of Body-cavity 
y. Janicki, 1908) 


1 Published by permission of the Trustees of the British Museum. 
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One of these worms (Gnathostoma gracile) is probably a “‘ pseudoparasite ” 
derived from some animal swallowed by the fish (see Baylis and Lane, 1920, 
p. 300). Its proper host is unknown. A collection recently received at the 
British Museum (Natural History) from Brazil contains all the parasites 
mentioned, with the exception of G. gracile, and with the addition of a Nema- 
tode which does not appear to have been described hitherto. 

Our knowledge of the parasites of this host is due largely to Diesing, who 
first described four of the species from the rich helminthological material 
collected in Brazil by Natterer. Some of these forms have been described 
rather more fully by later writers, and others have been added. It may not be 
without interest, however, to give some account of the forms contained in the 


present collection. 


Class NEMATODA. 
Order ASCAROIDEA. 
Family 
Porrocaecum draschei (Stossich, 1896)'. 
(Figs. 1-3.) 
Synonyms: Ascaris serrata v. Drasche (1884, p. 116, Pl. v, figs. 3 and 4). 
Ascaris draschei Stossich (1896, p. 24). 

This species was very briefly described by v. Drasche (1884), who had 
before him only a single male specimen. Stossich (1896), who changed the 
name of the species to A. draschei (apparently on the ground of the previous 
existence of Ancyracanthus serratus Wright, 1879, which he believed to be an 
Ascaris, but which is probably to be referred to Cystidicola), added nothing 
to the description. 

The following is a somewhat fuller account of the species, which is re- 
presented in the present collection by numerous specimens, taken from several 
individuals of Arapaima. 

The male reaches a length of about 25 mm. and a maximum thickness of 
0-62 mm. The corresponding measurements for the female are about 28 mm. 
and 0-73 mm. respectively. The cuticular striations are very fine and faint. 
In the female they are apparently about 4 apart. The diameter of the head 
is about 0-16-0-18 mm. The lips (Fig. 1) are small and semicircular in outline, 
each having a pair of small cuticular lobes anteriorly on its inner surface, 
bearing minute dentigerous ridges. There are no interlabia. Immediately 
behind the lips there is a sudden widening of the body, so that the head is 
marked off as if by a constriction. The oesophagus ends posteriorly in a well- 
developed cylindrical ventriculus, and the intestine has an anteriorly-directed 
caecum measuring about 0-7 mm. in length. The oesophagus, including the 


1 Strict application of Article 36 of the International Rules of Zoological Nomenclature seems 
to make the use of this name imperative. In the author’s view, however, Stossich’s reason for 
renaming Ascaris serrata v. Drasche was inadequate, and the opinion of Professor C. W. Stiles is 
being sought on the matter. 
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ventriculus, is about 2-65 mm. long in the male, and 2-9 mm. in the female. 
The length of the ventriculus alone is about 0-45-0-5 mm. 

The nerve-ring is situated at about 0-47 mm. from the anterior end. There 
is a pair of well-developed cervical papillae, situated at 0-65-0-7 mm. from the 
anterior end. The excretory system opens, as usual in Porrocaecum, just between 
and behind the bases of the ventro-lateral lips. 

The tail in both sexes is rapidly tapering and conical. The characters of the 
tail of the male (Fig. 2) have been described with considerable accuracy by 
v. Drasche. It measures about 0-16 mm. in length. From seven to ten of the 
numerous pairs of caudal papillae are postanal. The papillae of the fifth pair 
from the posterior end are stouter than the rest, and have double terminations. 
The preanal papillae, of which there are some 40 pairs, have very long peduncles. 
The oblique muscles of the preanal region are very highly developed. 


= 


ZS 
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Figs. 1-3. Porrocaecum draschei. 
Fig. 1. Anterior end of female; dorsal view. c. cervical papilla; n. nerve-ring. 
Fig. 2. Caudal end of male; ventral view. c. cloacal opening. 
Fig. 3. Terminal portions of spicules (lateral view). 
The 0-1 mm. scale refers to Figs. 2 and 3. 


There are three short transverse rows of minute cuticular denticles on the 
ventral surface of the tail, just behind the cloaca. These are mentioned and 
figured by v. Drasche, and apparently suggested to him the name serrata. The 
spicules measure about 1-5 mm. in length, and are tubular in their proximal 
part. Distally they consist of membranous alae supported by a stiff “ midrib,” 
and near the tip they have a curious spatulate expansion (Fig. 3). In the female 
the tail is about 0-23 mm. long, and bears a pair of minute papillae at 0-075 mm. 
from the extremity. The vulva is situated a little in front of the middle of the 
body (at 12-5 mm. from the anterior end in a 28 mm. specimen). The coils of 
the female genital tubes extend posteriorly to a little in front of the anus, and 
return to a little in front of the vulva. The eggs are subglobular, and measure 
0-045-0-05 mm. in diameter. 
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Goezia spinulosa (Diesing, 1839). 
(Figs. 4 and 5.) 
Synonyms: Lecanocephalus spinulosus Diesing (1839, p. 227, Pl. xtv, figs. 12-20; 1851, 

p-. 250); v. Drasche (1884, p. 107, Pl. 1, figs. 10-16). 
Goezia spinulosa Railliet and Henry (19154, p. 273). 

This species, briefly diagnosed and somewhat diagrammatically figured by 
Diesing (1839), was the type of his genus Lecanocephalus, which has, however, 
been shown by Railliet and Henry (1915 a) to be a synonym of Goezia Zeder, 
1800. Von Drasche (1884), who re-examined Diesing’s original material, gave 
a considerably fuller and more accurate description of the species. He draws 
attention to the discrepancy between the actual appearance of the spiny 
armature of the body, with a gradual decrease in the interval between the 
transverse rows and in the size of the spines themselves, and Diesing’s figures, 
in which the spines are shown as if they were of equal size throughout the body. 
Diesing describes the male as being 6-8’”’ in length, and the female as 10-12” 
(i.e. male, 12-7-16-9mm., female 21-2-25-4mm.). Von Drasche gives the 
maximum length observed by him (in a female specimen) as 25 mm. In the 
writer’s material the largest male is 15 mm. in length, and the largest female 
18 mm. The thickness of the body varies greatly in different regions, being 
greater towards the ends than in the middle. The maximum thickness occurs 
towards the posterior end, where in the male it reaches 0-56—0-63 mm., and“in 
the female 0-63-0-73 mm. The greatest distance between the rings of spines 
occurs in the posterior half of the oesophageal region, where the rings are about 
0-05-0-062 mm. apart. Anteriorly and posteriorly from this point the distance 
between the rings, and the size of the spines, gradually diminish. At the 
posterior end of the body and on the tail the rings of spines are only 0-0075- 
0-012 mm. apart. The diameter of the head is about 0-23-0-25 mm. The three 
curiously depressed lips (Fig. 4) have broad cuticular expansions externally 
which may overlap each other at the corners. Internally each lip is produced 
into a pair of narrow lobes, on the inner surfaces of which there are minute 
dentigerous ridges. The dorsal lip is provided with two double papillae. Each 
of the ventro-lateral lips bears one double papilla towards the ventral side, and 
towards the dorsal side a papilla with a single termination and, in addition, 
another structure which may be either a second very small papilla, or possibly 
the opening of a cephalic gland. The oesophagus is somewhat club-shaped, 
measuring 1-0—1-15 mm. in length, exclusive of the greatly reduced ventriculus. 
The latter gives off a relatively long and slender posterior appendix, measuring 
3-3-3-6 mm. in length. There is a very short (0-25-0-3 mm.) intestinal caecum, 
connected by a long ligament with the body-wall anteriorly, as described and 
figured by v. Drasche. No cervical papillae have been made out, probably 
on account of the difficulty of detecting them among the numerous spines. 
The nerve-ring is situated at about 0-27 mm., and the excretory pore at 
0-22-0-275 mm. from the anterior end. 
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The tail of the male is very short (a little over 0-1 mm.) and bluntly rounded, 
but ends in a small cylindrical terminal appendage. No postanal papillae have 
been made out. There are about 12-15 pairs of preanal papillae, situated rather 
laterally, and a single prominent median papilla on the anterior lip of the 
cloaca. The spicules measure about 0-5 mm. in length, and are rather slender, 
but provided with broad alae distally. The ejaculatory duct is extremely well 
developed, extending forward for nearly half the length of the body, and 
attaining a width of about 0-4 mm. It has a thick muscular wall. The testis 
is arranged in a close series of transverse loops, running forward to a point 
about 4 mm. from the anterior end. 


0-1mm. 


Figs. 4 and 5. Goezia spinulosa. 


Fig. 4. Anterior extremity of female, viewed en face. d. dorsal lip; d.r. dentigerous ridge of dorsal 
lip, seen by transparency; s. body-spines; v. v. ventro-lateral lips. 
Fig. 5. Posterior end of female; lateral view. a. anus; p. caudal papilla. 


The tail of the female (Fig. 5) is about 0-15-0-2 mm. long, and tapers very 
rapidly. Its rounded end bears a minute terminal spike. The caudal papillae 
are situated at 0-083 mm. from the posterior end. The vulva is situated in 
front of the middle of the body (at 7-8 mm. from the anterior end). The vagina 
is muscular and short (about 0-7 mm.), and runs posteriorly from the vulva. 
The uterus divides into two wide, parallel branches which run posteriorly to 
a point about 4-5 mm. from the posterior end of the body, where they pass 
suddenly into the narrower ovarian tubes. These turn forward and run, in a 
series of U-shaped transverse loops, like the testis of the male, almost to the 
level of the junction of the vagina and uterus, whence they return posteriorly 
to end just in front of the anus. The eggs are subglobular and measure 
0-05-0-055 mm. in diameter. 
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Order FILARIOIDEA. 
Family PHILOMETRIDAE?!. 
Philometra senticosa, sp.n. 

(Figs. 6 and 7.) 

This curious species is represented by a large number of female specimens 
from the swim-bladder of the host. The swim-bladder possibly acts, to some 
extent, as a “lung,” this fish being related to species which are partially air- 
breathers. The male worm is probably, as in other members of the family, very 
much smaller than the female, and consequently liable to be overlooked by 
the collector, whose attention is occupied with the very large and conspicuous 
female worms. This is the probable explanation of the unfortunate absence of 
males from the present collection. 

The adult females vary in length from 90 to 125 mm., and have a maximum 
thickness of 0-62-0-85 mm. The anterior end tapers much more than the 
posterior. The cuticle is thick and apparently composed of two layers. Ex- 
ternally it bears a number of curious thorn-like excrescences which have a 
refractive appearance. These are irregularly scattered over the whole surface, 
except in the anterior part of the oesophageal region, giving the worm, under 
a low magnification, the appearance of a bramble-shoot. One such “thorn” 
appears invariably to form the termination of the tail. 

The head (Fig 6) is rounded, and the mouth simple, without lips. No 
cephalic papillae have been detected. The oesophagus is not clearly divided 
into muscular and granular (or “glandular”) portions. It is very narrow 
anteriorly, with the exception of a slight dilatation near the mouth and another, 
smaller expansion just in front of the nerve-ring. Behind the nerve-ring it 
expands gradually to its club-shaped posterior end. This is separated by a 
narrow “neck” from the intestine. The opening of the oesophagus into the 
intestine is guarded by three valves. The whole of the oesophagus appears to 
be surrounded by an indefinite sheath of granular matter. The oesophagus 
measures 1-37—1-5 mm. in length. The nerve-ring is situated at 0-35-0-4 mm. 
from the anterior extremity, and a little behind this is the minute and in- 
conspicuous excretory pore, which appears to be connected with a group of 
cells just within the body-wall. The intestine runs throughout almost the 
whole length of the body as a fairly wide tube whose wall is composed of large 
cells. It appears to have no posterior opening, but to end blindly in connection 
with the body-wall (Fig. 7, int.). 

No vulva has been detected. This is a not uncommon feature in the family, 
the vulva, even when present, being extremely inconspicuous and probably 
non-functional, while the vagina in some species appears to lose its connection 
with the uterus. The two branches of the uterus are directly opposed, forming 
a continuous tube which extends almost from one end of the body to the other, 
and is connected at each end with a short, reflexed ovarian tube. The worm is 

1 See Baylis and Daubney (1926), p. 208. 


H. A. Bay is 41 


viviparous, the uterus being packed with Filariid-like embryos having blunt 
heads and sharply-pointed, tapering tails. These embryos measure about 
0-3 mm. in length. 

This species is only provisionally referred to the genus Philometra, and the 
determination of its position may have to be revised when the male has been 
described. Certain glands in connection with the oesophagus, characteristic 
of Philometra, have not been made out, and the mouth does.not appear to be 
funnel-shaped, but apart from these points and the curious thorny ornamenta- 
tion of the cuticle the female possesses no characters which enable it to be 
clearly differentiated from that genus. 


0:5mm. 


oes. 


int 


Figs. 6 and 7. Philometra senticosa. 


Fig. 6. Anterior end of female; lateral view. e. excretory pore; int. intestine; n. nerve-ring; 
oes. oesophagus. 

Fig. 7. Posterior end of female; lateral view. int. blind termination of intestine; ov. posterior 
ovarian tube; uw. posterior branch of uterus. 


Family CAMALLANIDAE. 


Camallanus tridentatus (v. Drasche, 1884). 
Synonyms: Cucullanus tridentatus v. Drasche (1884, p. 116, Pl. v, figs. 1 and 2). 
Camallanus tridentatus Railliet and Henry (1915, p. 449). 

Von Drasche (1884) briefly describes a single female specimen of this species, 
found by him among Diesing’s type-material of Goezia spinulosa. The length 
of this specimen is given as 10 mm. The species does not appear to have been 
recorded again, but has been rightly referred by Railliet and Henry (19156) to 
Camallanus on the evidence of v. Drasche’s description and figures. 
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The present collection also contains a single female specimen which is un- 
doubtedly referable to v. Drasche’s species. It measures 7-7 mm. in length, and 
has a maximum thickness of 0-23 mm. Each of the buccal valves carries 
anteriorly a pair of dark-coloured chitinoid thickenings, as described and 
figured by v. Drasche. The valves measure about 0-17 mm. in width and 0-12 mm. 
in length, and each bears a series of about 30 longitudinal ridges. The posterior 
chitinoid ring of the buccal apparatus has a diameter of 0-085 mm. The 
“tridents” are about 0-1 mm. long, and have three prongs of approximately 
equal length. The length of the aesophagus (measured from the cephalic 
extremity) is 1-4 mm. Its anterior, muscular portion has an actual length of 
0-65 mm. The vulva is situated at 3-4 mm. from the posterior end, and has a 
prominent swelling on its anterior lip. The tail is about 0-15 mm. in length. 


Class ACANTHOCEPHALA. 
Polyacanthorhynchus macrorhynchus (Diesing, 1851). 
(Figs. 8-12.) 
Synonyms: Echinorhynchus macrorhynchus Diesing (1851, p. 47; 1856, p. 287, Pl. m1, 
figs. 10-15). 


Polyacanthorhynchus macrorhynchus Travassos (1920, p. 212). 


This species, originally very briefly described by Diesing from material 
collected in Brazil by Natterer, was apparently not redescribed until Travassos 
(1920) gave a somewhat fuller account of it. Travassos’ material seems to have 
been poorly preserved and possibly somewhat immature. 

In the present collection specimens of all sizes are present, from immature 
forms of about 2-5 mm. to mature males and females. The mature males attain 
a length of 10-5 or 11 cm., and a maximum thickness of about 1-4 mm. The 
largest mature female measured was 33-5 cm. long and (in a rather flattened 
state) about 3 mm. in maximum width. 

Diesing gives the length of the male as } foot and over, and that of the 
female as } to 1 foot and over. Travassos gives his own measurements as 
6-7 “mm.” for the male and 14 “mm.” for the female, and quotes Diesing’s 
measurements as 16-5 “‘mm.” and 16-5-33 “mm.” respectively. It seems 
probable that Travassos has substituted mm. for cm. If this be so, his measure- 
ments fall more into line with Diesing’s and those of the present material, 
though his specimens may not have attained their full size. 

The proboscis (Fig. 8, p.) seems to increase in size with the growth of the 
whole animal. In immature specimens it may measure only 0-7—1-0 mm. in 
length, while in the largest mature individuals it attains a length of 3-3-5 mm. 
It is club-shaped, being much thicker in front than behind. The number and 
size of the hooks also appear to increase with the age of the specimens. In full- 
grown individuals as many as 40-46 longitudinal rows may be counted in the 
anterior region, but posteriorly the number of rows diminishes to about 18. 
The number of transverse rows, in such specimens, is about 72-76. The hooks 


] 
] 
] 


H A. Baytis 


; 4h h 


ynchus macrorhynchus. 

Fig. 8. Anterior end of a young specimen. 7. central nervous system; p. proboscis; p.s. proboscis- 
sac; 8. body-spines. 

Fig. 9. Hooks from proboscis of adult specimen. A, from anterior rows; B, from posterior rows. 
(The scale refers to both A and B.) 

Fig. 10. Posterior end of male; lateral view. c. cement-glands; 1. t. testes. 

Fig. 11. Posterior end of female; lateral view, showing the “bell” apparatus of the genital organs, 

_ With its diverticula (d.). 
Fig. 12. Eggs. A, surface view; B, optical section. 
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(Fig. 9), as Travassos states, diminish on the whole in size from before back- 
wards, though those of the most anterior two or three rows are slightly smaller 
than those of the succeeding rows. The length of the “blade” in the largest 
hooks measured by Travassos was 0-:106mm. In the present material the 
largest hooks seen had the blade about 0-13 mm. long. 

The anterior portion of the body, or “neck,” is capable of invagination, 
and is armed with eight or nine transverse rows of small spines (Fig. 8, s.) which 
are rooted deeply in the subcuticula and push up the cuticle with their points. 
The number of rows, like those on the proboscis, appears to increase with the 
age of the animal. In adults it is constantly nine, but in many of the immature 
specimens there appeared to be only eight rows. In length these spines agree 
fairly well, in young individuals, with the measurement given by Travassos 
(0-028 mm.), but in the largest specimens they attain a length of about 
0-04 mm. 

The proboscis-sac (Fig. 8, p.s.) has a thick muscular wall consisting of a 
single layer, but its musculature is divided longitudinally into a dorsal and a 
ventraj main mass. The central nervous system is situated at about the middle 
of the sac. The lemnisci attain a length of over 6 mm. in full-grown individuals. 

The genital organs of the male are confined to the posterior region of the 
body. The testes (Fig. 10, ¢.t.) are of elongate shape, and arranged in “tandem” 
formation, one close behind the other. They attain a length of about 2 mm. 
and a transverse diameter of 0-6 mm. The cement glands (Fig. 10, c.) have been 
ascertained by dissection to be eight in number, as Travassos thought. They 
are elongate and multinucleate, and measure, in large specimens, about 
6-5 mm. in length, or 8-5 mm. if their terminal ducts be included. 

_ There may be more than the two diverticula mentioned by Travassos in 

connection with the female “bell” apparatus. In one specimen (Fig. 11, d.) 
five such diverticula were observed. The eggs (Fig. 12) are oval, and provided 
with very thick, irregular outer envelopes which appear to be perforated by a 
large number of peculiar funnel-shaped trabeculae at right angles to the surface. 
They may measure as much as 0-085 mm. x 0-065 mm., though many are 
considerably smaller. None, however, have been seen with quite so small a 
transverse diameter as that given by Travassos (0-035 mm.). 

The genus Polyacanthorhynchus was proposed by Travassos (1920) for the 
reception of this species. He suggested that Diesing’s species Echinorhynchus 
rhopalorhynchus and E£. arcuatus may also belong to the genus, the latter being 
possibly an immature phase of the former. The genus was regarded as belonging 
to the family Gigantorhynchidae, although it was noted that it possessed a 
proboscis having numerous hooks with simple roots and completely invagin- 
able, and a neck armed with spines, as in many Echinorhynchidae. It was also 
remarked that this was the first Gigantorhynchid met with in a fish, the other 
members of the family being all parasites of mammals and birds. Travassos 
(1926), however, has now referred Polyacanthorhynchus to the family Rhadino- 
rhynchidae. 
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In this connection it is interesting to compare the present species with the 
genus Quadrigyrus Van Cleave (1920), which is diagnosed as follows: 

“Acanthocephala of medium size parasitic in the alimentary canal of 
fishes. Proboscis armed with four circles of hooks. Anterior surface of body 
usually provided with four circles of cuticular spines. Subcuticular nuclei of 
two types; those of anterior part of body ovoid giant nuclei, dorsal and ventral 
in location; those in remainder of body a large, central elongated mass, from 
which heavy lateral projections are given off, usually lateral in distribution. 
Proboscis receptacle provided with a single heavy muscular wall. Central 
nervous system located at posterior extremity of proboscis receptacle.” 

This genus was erected to contain a single species, Q. torquatus Van Cleave, 
1920, from various freshwater fishes in Venezuela. Of it Van Cleave remarks 
that, owing to its possession of an unusual combination of characters, its 
position in the classification of the Acanthocephala is not easily determined. 
He considers that it has certain points in common with the Neoechinorhyn- 
chidae, on the one hand, and with the Rhadinorhynchinae (treated by him as 
a subfamily of Echinorhynchidae), on the other, but that it is impossible to 
include it in either group. Accordingly, he proposes for it a new family, 
Quadrigyridae. In the most recent revision of the Acanthocephala, that of 
Travassos (1926), this group is reduced to a subfamily, Quadrigyrinae, of the 
family Neoechinorhynchidae. 

Now Quadrigyrus has a number of features in common with Polyacantho- 
rhynchus. It has a similar arrangement of transverse circles of spines on the 
“neck,” although there are but four rows in Q. torquatus, as against nine in 
P. macrorhynchus. It has a proboscis-sac with a single muscular layer. It may 
be doubted whether the number of transverse rows of spines on the proboscis is 
a reliable generic character. On the other hand, eight distinct cement glands do 
not appear to have been made out in Quadrigyrus, the gland being described 
as “a long compact mass containing a few large nuclei.”” As regards the 
peculiar characters of the giant nuclei of the subcuticular layer, the writer’s 
interpretation of the structures seen in P. macrorhynchus differs somewhat 
from Van Cleave’s interpretation in Q. torquatus. Van Cleave describes two 
types of subcuticular giant nuclei: (@) two anterior nuclei, one dorsal and one 
ventral, of ovoid shape; (b) posterior nuclei, lateral, usually one on the left and 
two on the right side, “each in the form of a central elongated mass, from which 
short lateral branches are given off.”” The nuclei of the latter kind are figured 
as being in close association with, and following precisely the branching of, 
portions of the lacunar system. 

In P. macrorhynchus there is a similar branching lacunar system, situated 
somewhat superficially in the subcuticula. Parts of it sometimes contain 
granular matter, and may simulate the branching nuclei described by Van 
Cleave. The real nuclei, however, are numerous, oval bodies, situated at a 
deeper level and quite independent of the lacunar system, and can be traced 
throughout the body from the region of the proboscis-sac to near the posterior 
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end. Anteriorly these nuclei are arranged in three or four rows on either side 
of the body, but these are reduced more posteriorly to two single rows of which 
the individual nuclei tend, in the older specimens, to become more widely 
separated. 

To sum up, the characters of P. macrorhynchus appear to be so similar to 
those of Quadrigyrus, and both forms are, in some respects, so difficult to fit 
into the general system of the Acanthocephala, that it seems probable that they 
should be placed together in a special group. It even seems questionable 
whether the retention of the two separate genera is justifiable. Possibly the 
discovery of further similar forms may help to decide to what extent the 
number of hooks and body-spines, and other minor characters, are of generic 
importance. 


Class CESTOIDEA. 
AMPHILINOINEI Poche, 19261. (= Cestoparia Monticelli, 1892). 
Order AMPHILINIDEA. 
Family AMPHILINIDAE. 
Schizochoerus liguloideus (Diesing, 1850). 

Synonyms: Monostomum liguloideum Diesing (1850, p. 320; 1855, p. 62, Pl. 1, figs. 25-29). 
Amphilina liguloidea Monticelli (1892, p. 2, text-fig. 1), nec v. Janicki, 1908. 
Schizochoerus liguloideus Poche, (1922, p. 285; 1926, pp. 256-338, Pls. u—vu, 

text-figs. 7-16). 

This species, which occurs in the body-cavity of the host, has been so 
exhaustively described by Poche (1922 and 1926) and previously by Monticelli 
(1892), both of whom have re-examined Diesing’s original material, that it is 
unnecessary to add anything to their accounts of it. 


Nesolecithus janickit Poche, 1922 


Synonyms: Amphilina liguloidea v. Janicki (1908, p. 568, Pls. xxx1vand xxxv, text-figs. 1-8), 
nec Monostomum liguloideum Diesing, 1850. 
Nesolecithus janckit Poche (1922, p. 283). 


This large, handsome, translucent, leaf-like species occurs, like the last, 
in the body-cavity of the host. It has been very fully described and figured by 
von Janicki, who, however, was mistaken in his identification of it as “ Mono- 
stomum” liguloideum Diesing, as has been pointed out by Poche. 


1 Poche (1926), who has done extremely valuable work in reducing the whole of the Flatworms 
to a reasoned and uniform system of classification, has proposed the “‘subsubclass” Amphilinoinei 
for this group of monozootic Cestode-like forms (replacing the older name Cestodaria), in order 
to bring the group into line with others which are, in his view, of similar systematic value. 

As regards the two genera dealt with here, the names proposed by Poche are used without any 
desire to prejudge the question whether his subdivisions of the group, which are based on relatively 
slight characters, are fully justified. Woodland (1923) has expressed the view that some of the 
families and subfamilies erected by Poche (1922) represented merely specific differences within the 
genus Amphilina. Poche (1926), however, appears now to have abandoned his family Schizo- 
choeridae, to which he originally referred both Schizochoerus and Nesolecithus, reducing it to the 
rank of a subfamily within the family Amphilinidae, 
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THE OCCURRENCE OF ATYPICAL AMOEBIASIS. 
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(From the Department of Tropical Medicine, Harvard Medical School, 
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(With Plate I.) 


SoME years ago we recorded the occurrence of entamoebae in the stools of 
patients showing diarrhoea of obscure origin (1915). The symptoms of these 
patients were not suggestive clinically of acute, nor even of chronic, amoebic 
dysentery. The entamoebae from these cases proved, on inoculation into 
kittens, to be pathogenic, producing, however, only a chronic mucous diarrhoea 
without blood. 

Dobell (1919, pp. 60-61), in his monograph on the amoebae of man, plainly 
concludes that we mistook intestinal cells for amoebae, and he finds no good 
evidence in our report that amoebae of any sort were present either in the 
patients or in the inoculated animals. No alternative explanation or diagnosis 
is suggested by Dobell for the symptoms observed in the patients and in the 
experimental animals. With the rapid accumulation of literature on amoebae 
in recent years, there is an increasing tendency for investigators to depend 
upon convenient summaries rather than on the original publications. There- 
fore, this seems to us to be an opportune time to review the subject of atypical 
amoebiasis, and to supply additional evidence concerning the amoebae which 
we have previously described. 

According to our understanding, Dobell’s opinion that we were not dealing 
with amoebic infections rests chiefly on the ground that our illustrations did 
not resemble amoebae very much, but impressed him as being strikingly like 
intestinal cells. In addition, he offers an argument which is obscure to us, 
namely that specimens of typical E. histolytica obtained from human carriers 
showing no symptoms produce acute dysentery in kittens. These criticisms 
rest purely on ex cathedra considerations and not on the experimental investi- 
gation of amoebae from atypical cases. 

Presumably our illustrations have furnished the chief source of confusion. 
It did not seem necessary to us to multiply further the already numerous and 
excellent illustrations of the ordinary E. histolytica. Accordingly, we selected 
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examples of the predominant type of amoebae which were present in our 
material, even though these were admittedly puzzling and atypical in their 
morphology. These were in no sense offered as the only basic evidence in the 
identification of amoebae in these specimens. Mucous discharges of some of 
the inoculated animals were examined in fresh preparations and motile 
entamoebae were found in fairly abundant numbers. Naturally, it did not 
occur to us that this finding would be called into question. This seemed 
particularly clear since special care was taken to emphasise that any possi- 
bility of confusion with cells of the host was thoroughly eliminated. Fortunately, 

the permanent preparations of some of the more important specimens of these 

amoebae are still on file. Thus the stained smears from an infected kitten show 

entamoebae, but without red blood cells either in the amoebae or in the smear 

itself. These smears are typical of those obtained throughout the entire course 

of the disease in kittens as produced by this strain of entamoebae; therefore, 

they afford convincing proof of the production of a mild chronic amoebic 

infection in kittens. Such results are so unusual that we wish to make our 

record of these experiments unmistakably clear. 

In the present paper we will review briefly the observations concerning the © 
patient designated as “A” in our former report; the only additional evidence 
which we wish to present consists in some illustrations of the rare but definite 
forms of entamoebae developing in a kitten infected with the stools of this 
patient. 

Clinical Record. The past history of this patient is important. He was 
a negro aged 40 from the Cape Verde Islands. At about the age of 20 or 25 he 
contracted syphilis, but received unsatisfactory treatment. While in Egypt 
at approximately the age of 28 or 30 years, he developed a typical bloody 
mucous dysentery. Apparently, intermissions in the symptoms occurred 
spontaneously during the early years of the disease, as would be expected in 
an amoebic infection. Subsequently the symptoms became continuous, the 
patient passing frequent watery stools with but little mucus and no blood 
except for occasional bleeding from external and internal haemorrhoids. 

On physical examination the sigmoid was readily palpable. On proctoscopy, 
ulcerated areas were seen, as well as the induration of old scars. The blood gave 
a positive Wassermann reaction. On examination of the stools, numerous 
flagellates and, occasionally, sluggish amoebae were found. Neither salvarsan 
hor emetine produced permanent relief of symptoms. The problem which 
presented itself for diagnosis was the determination of the etiologic factor 
responsible for the patient’s diarrhoea. 

It did not occur to us as at all likely that the amoebae seen in these 
specimens might be pathogenic. They were of small size and slug-like in their 
motion and the nucleus was relatively rich in chromatin. Cultures on “limax’ 
agar gave no growth. A series of cultures on this medium with suitable controls 
proved definitely that we were not dealing with any of the ordinary free-living 
amoebae, such as have been cultivated from human faeces. 

Parasitology x1x 
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A kitten about one-third grown was thoroughly examined for intestinal 
protozoa, using specimens of faeces obtained by high rectal tube and by purga- 
tion with magnesium sulphate. This animal was then inoculated with a 
specimen of the patient’s stool which contained numerous flagellates and an 
occasional vegetative amoeba. Under ether, a laparotomy was performed, 
and the caecum and lower portion of the ileum was exposed. About 6 c.c. of 
the patient’s stool was injected into the caecum, and the same quantity into 
the ileum. An additional quantity of 6 c.c. was introduced by a stomach tube 
into the stomach. The procedure of direct inoculation of amoebae into the 
caecum either with or without temporary occlusion of the rectum has pro- 
duced infection in kittens with remarkable regularity in contrast to the 
relatively low proportion of infections obtained after ordinary rectal injec- 
tions. For the successful infection of kittens with entamoebae of low virulence 
it is particularly important to employ special technique for the inoculation. 
The value of those methods which produce stasis in the lower bowel has been 
demonstrated repeatedly (1914, 1923, 1924). 

This kitten, after an incubation period of one month, developed a watery 
mucous diarrhoea. Tests for blood with guaiac were negative at the onset of 
these symptoms. Microscopically, motile amoebae were seen, but no flagellates. 
The amoebae showed definite differentiation of the ectosare and endosarc. 
Blunt pseudopodia were formed and characteristic amoeboid motion occurred 
at room temperature. The symptoms persisted in this animal for two months 
without any significant change. No gross blood occurred in the mucous 
discharges, but the guaiac test for occult blood eventually gave occasional 
positive tests. During this time the kitten remained in excellent condition and 
increased rapidly in weight. It was sacrificed three months after inoculation. 
The large bowel showed localised areas of hyperaemia but no ulceration was 
found. Two more passages of this strain were obtained in kittens as shown 
by the presence of amoebae in fresh preparations. These sub-passages were 
complicated by intercurrent infections. The animals died unexpectedly. No 
permanent preparations were made for it has not been our custom to utilise 
postmortem material for detailed morphological study. 

The successful infection of kittens with the production of symptoms 
established to our satisfaction the etiological réle of these entamoebae in ex- 
planation of the symptoms observed in the patient. 

The accompanying plate illustrates entamoebae found in the first passage 
of this strain in animals. The kitten was kept in the laboratory under immediate 
observation. Smears were made from the stools as soon as they were passed, 
and immediately fixed in Zenker’s fluid and stained with Delafield’s haema- 
toxylin. The fact that the stools were studied while perfectly fresh is of 
distinct importance since most of the amoebae show nuclear changes which 
are ordinarily interpreted as indicative of degeneration. 

Two entamoebae (PI. I, figs. 1 and 2) have been selected to illustrate 
organisms more nearly resembling EL. histolytica in preference to the very 
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interesting but grossly atypical forms with bizarre nuclear features which 
were used in our original paper. The types as illustrated here are decidedly 
rare and are not characteristic of the majority of amoebae present. On 
examining fresh preparations, it was easy to identify the numerous bizarre 
forms as amoebae and to recognise them subsequently in stained preparations. 
Many transitional stages can readily be traced between the types given in 
Pl. I and those which we have previously illustrated. Masses of chromatin 
such as are seen in Fig. 3 are suggestive of degeneration. This term, as ordinarily 
applied to amoebae, implies a dying condition, but there was no indication 
that these amoebae were disintegrating. Under certain conditions the presence 
of bacteria in entamoebae is a sign of degeneration. After long examination 
of these preparations only a few amoebae were found which were invaded by 
bacteria. It is of interest by way of comparison to note some of the unusual 
types which Dobell has illustrated (1919, Pl. V, fig. 81). 

For the correct interpretation of unusual forms of amoebae it is essential 
to understand thoroughly the remarkable nuclear changes such as those which 
may occur in entamoebae, even in the course of a few hours in specimens of 
stools standing at room temperature. Disregard of atypical forms can easily 
lead to errors of interpretation, and even to further confusion in the already 
complicated condition of the literature on amoebae. 

The discussion of species differentiation need not be taken up in detail, 
since the question at issue is whether any amoebae are present in these speci- 
mens. In the interval since our work was carried out, several new species of 
intestinal amoebae have been described in man. At present, it does not seem 
advisable to us to propose another species. Until further information is 
available we prefer to lean toward the view that we are dealing with E. histo- 
lytica. 

The demonstration of entamoebae in the diarrhoeal stools of this kitten 
does not entirely clear up the situation. It is very puzzling that the amoebae 
in freshly passed specimens should show changes suggesting nuclear degenera- 
tion. We may assume that the mucous stools accumulated for long periods of 
time in the lumen of the bowel before expulsion. Yet this assumption helps 
but little, for the underlying fact remains that ulceration of the mucosa was 
not found on sacrificing this animal, and discharge of blood did not occur 
during a period of two months in which entamoebae appeared in the bowel 
movements. 

We now wish to consider briefly the second point raised by Dobell, namely 
that the experimental production of a chronic diarrhoea in kittens by inocula- 
tion with atypical amoebae obtained from cases of colitis is flatly contradicted 
by the development of acute dysentery in kittens after inoculation with typical 
specimens of E. histolytica obtained from carriers free of symptoms. The logic 
of this argument is not clear to us. It is well recognised that typical tro- 
phozoites and cysts from symptomless carriers are often virulent for kittens. 
In an unpublished observation we had occasion to examine a patient con- 
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valescent from amoebic dysentery. He had been free from symptoms for many 
months but the stools contained typical trophozoites. These produced an 
acute dysentery on inoculation into kittens. In our opinion this finding in no 
way contradicts the observations made under very different circumstances 
upon the development of chronic diarrhoea. The amoebae seen in the cases 
of chronic colitis were not typical E. histolytica and there is a lack of parallelism, 
clinically and pathologically, between a patient suffering from chronic colitis 
and the symptom-free carrier of EL. histolytica. The difference should be easily 
appreciated even if one’s experience has been limited to cases which do not 
depart from well established clinical types of infection. It is perhaps well to 
emphasise again that in undertaking this study we searched through the wards 
for patients showing chronic diarrhoea under conditions where there was no 
particular reason to suspect amoebic infection. 

In the study of amoebiasis in kittens the prevailing custom is to choose 
material rich in typical E. histolytica for inoculation. The reason for this is 
not far to seek. Even with very favourable material competent observers 
frequently report failures in the attempt to establish a strain of E. histolytica 
in kittens. Naturally work with unfavourable material is either avoided or, if 
undertaken, often ends in failure. Consequently if one takes only typical enta- 
moebae as a starting point, there is no need to expect any unusual results. 

In this locality one finds patients with chronic colitis who occasionally 
show entamoebae in their stools. In this paper it has been pointed out that 
our knowledge of this difficult phase of amoebiasis is obviously incomplete, 
but it can be advanced by clinical observations and accurate experimental 
investigations. 

The drawings in Pl. I were made by Miss Etta Piotti, with the skill and 
accuracy characteristic of her work. The magnification of 2000 diameters was 
determined carefully. We are much indebted to Dr Shields Warren and to 
Dr Caesar Uribe of Harvard University for their interest in preparing the 
photo-micrographs. These were taken at a magnification of approximately 
2000 diameters. The original preparations will be gladly sent to any workers 
who may wish for additional information. 


CONCLUSIONS. 


A case of chronic colitis is reviewed in which entamoebae were found in 
the stools. The disease was reproduced experimentally in kittens, the infected 
animals showing only a mucous diarrhoea without blood and without ulcera- 
tion of the intestine. 

Morphologically, the majority of the entamoebae showed remarkably 
atypical nuclear features. The accompanying illustrations are offered as 
evidence of the occurrence of true entamoebae in the discharges of an infected 
kitten. 
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EXPLANATION OF PLATE lI. 


Figs. 1, 2 and 3. Drawings of entamoebae obtained from an infected kitten. 
Magnification 2000 diameters. 


Figs. 1’, 2’ and 3’. Photo-micrographs of the specimens from which the 
corresponding drawings were made. 


(MS. received for publication 25, x. 1926.—Ed.) 
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ON ECTOMYCES CALOTERMI N.G., N.SP., AN ASCO- 
MYCETE PARASITIC ON CALOTERMES SAMOANUS 
HOLMGREN (ISOPTERA, PROTERMITIDAE). 
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INTRODUCTION. 


THE infected termite was collected in Samoa by Dr P. A. Buxton and was 
identified by Mr G. F. Hill, Melbourne, who noticed “foreign bodies” attached 
to the forelegs. These bodies proved to be fructifications, in the form of small 
apothecia, of a fungus to which the name Ectomyces calotermi n.g., 0.8p., 
has been given. The two infected legs comprised all the available material, 
and, as they were preserved in alcohol, cultivation of the fungus could not 
be attempted. 
METHODS. 


One of the infected legs was retained as a “type” specimen of the fungus; 
while the greater part of the second was embedded in paraffin and sectioned, 
the remainder being used for direct preparations in lactophenol and other 
reagents. For staining the sections Delafield’s haematoxylin gave the best 
results, but glychaemalum, Mann’s stain and acid cotton blue were also used. 
Teased preparations were mounted in lactophenol with cotton blue; and, for 
differentiating the asci and ascospores, especially good results were obtained 
by staining in | per cent. aqueous solution of congo-red and mounting in 5-10 
per cent. caustic potash. This method also proved very valuable for investi- 
gating the structure of the haustorial cells to be referred to later. 
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GENERAL DESCRIPTION OF THE FUNGUS. 


The small, dark apothecia, of which several are attached to each leg, are 
situated on the tibia and femur, and are all that is visible of the fungus 
externally (Plate II, fig. 1, ap.). They are of a wax-like consistency, are 
more or less circular in shape, and are generally simple, but two may be 
confluent at the margins (Plate II, fig. 1, ap.). The base of the apothecium 
is closely applied to the chitin of the host throughout its area. From the 
periphery of the base, the wall of the peridium arises, gradually increasing 
in height to form the rim (Plate II, figs. 1 and 2,7.) bounding the hymenium. 
The peridial wall slopes outwards from rim to base owing to this gradual 
increase in height, and the diameter of the apothecium is greater at the base 
than at the rim (Plate II, figs. 1 and 2). The hymenium, consisting of 
densely packed asci and paraphyses, is sunk slightly beneath the level of 
the rim of the peridium, and is lighter in colour than the exterior of the 
apothecium. Mature apothecia are approximately 0-5 mm. in diameter at 
the base, 0-35 mm. in diameter at the rim, and 0-1 mm. in depth from rim 
to base (Plate II, figs. 1 and 2). 

The peridium. The peridium is well developed, black and smooth ex- 
ternally, and, owing to the sloping form of the circumferential wall, is crateri- 
form in general shape. The lower part of the crater is occupied by a well 
developed hypothecium, and the remainder filled to just below the level of 
the rim with asci and paraphyses. The base of the peridium is formed of a 
single layer of more or less cubical cells, 5-3-6-6 across (Plate II, figs. 2, 
4, 5, 6 and 8, b.c.p.). They are very thick-walled all round, except for the one 
or two peripheral rows, which have only the external walls thickened (Plate IT, 
fig. 5, p.b.c.). The margin of the crater is formed of many rows of elongated 
cells which arise from the hypothecium and progressively increase in length 
from the periphery of the base to the rim of the crater, thus forming the 
sloping wall of the peridium (Plate II, figs. 2 and 5, w.c.p.). Towards the 
base these cells are thin-walled and grade into the hypothecial cells, but they 
are increasingly thick-walled upwards, and at the apices fuse together to form 
the dark, thick, surface layer of the wall of the peridium (Plate IT, figs. 2 
and 5, d.w.c.). The hypothecium (Plate II, fig. 4, hp.) consists of masses 
of small, thin-walled cells from which arise the peridial wall cells (Plate II, 
figs. 2 and 5, w.c.p.) and the sub-hymenial and hymenial layers (Plate II, 
figs. 2 and 4, s.hy. and hy.). Some of the hypothecial cells adjoining the basal 
layer of the peridium have slightly thickened walls (Plate II, fig. 5, hp.c.). 

The central compound haustorium. In the centre of the base of the apo- 
thecium the thick-walled basal cells are absent. At this point a tuft of fungous 
cells penetrates the chitin of the host, projects into the interior of the leg, 
and there develops a hemispherical mass of radiating cells forming a compound 
haustorium (Plate II, figs. 2 and 4,h.), around which traces of the de- 
generating hypodermis of the host are visible (Plate II, fig. 4, hd.). In 
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the mature condition the penetrating tuft of fungus, which forms the basis 
of the radiating cells constituting the haustorium, is a dark-coloured mass 
in which there are apparently no living cells (Plate II, figs. 3 and 4, s¢.). The 
individual cells (Plate H, fig. 3, ¢.4.c.) vary in size from 5 x 10p to 10 x 30p, 
and are thin-walled except at their proximal ends, where the walls are generally 
thickened. Each of these cells contains dense cytoplasm and a single nucleus. 
The entire haustorium radiates for about 30, from the point of entrance. 
into the leg. 

The haustorial cells of the peridium. From each of the thick-walled basal 
cells of the peridium, except the one or two peripheral rows of incompletely 
thickened cells, a narrow hypha (Plate II, figs. 4, 7, 8, 9, 10 and 11, eh.) 
penetrates the chitin of the host to the interior of the leg and there enlarges 
to form an haustorium (Plate II, figs. 2, 4, 6, 7 and 8, h.c.). One of these 
haustoria arises from each of the thick-walled basal cells, with which it is in 
direct protoplasmic communication (Plate II, fig. 8, h.c.). The haustoria 
near the centre are comparatively large, elongated, and frequently lobed 
(Plate II, figs. 6 and 8, h.c.), but they gradually decrease in size towards 
the periphery, where they are quite small and more or less spherical (Plate IT, 
fig. 7, p.h.c.). The haustoria have finely granular protoplasm, and each has 
a single nucleus and is bounded by a thin wall. The fine hyphae, which extend 
through the pores in the chitin and connect the haustoria with the basal 
cells from which they arise, are about 0-5 in diameter and have very thin 
walls. The walls of the haustoria and connecting hyphae are most clearly seen 
in preparations stained with congo-red and mounted in caustic potash, as is 
the case with those shown in Plate II, figs. 9, 10 and 11, h.c. and c.h., 
but in these figures the connecting hyphae appear not to extend through the 
chitin owing to the swelling of the latter by the action of the caustic potash. 
The haustoria vary greatly in size and shape, a number of typical forms in 
a “teased” congo-red caustic potash preparation being shown in Text-fig. 1, E, 
in all of which the fine connecting hyphae (c.h.) are evident. The small spherical 
peripheral forms measure about 5y in diameter, while the large, and usually 
lobed, forms may be 10 to 30 long. The connecting hyphae are about 5yu 
long. 

The hymenium. From the hypothecium there is developed a well-marked 
sub-hymenial layer (Plate II, figs. 2 and 4, hy.) composed of closely and 
regularly arranged elongated, and more or less curved cells, from which the 
asci and paraphyses constituting the hymenium are produced (Plate II, 
figs. 2 and 4, hy.). 

The asci. The asci (Plate II, fig. 12, a.) are cylindrical, somewhat 
swollen distally for about one-third of their length, and very thin-walled, 
except at the apex where they are slightly constricted and the constricted 
part is thickened to form a cap-like structure (Text-fig. 1, D, a.). The apical 
swollen region stains so densely with haematoxylin stains (Plate IT, figs. 2 
and 4) that the structure is obscured, but in lactophenol preparations this 
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region is seen to be very thin-walled and appears to be turgid (Text-fig. |, A 
and D). Each ascus is borne on an elongated, usually curved, cell of the 
sub-hymenial layer (Plate II, fig. 12, s., and Text-fig. 1, B and (). 
Ascospores are developed only in the lower or proximal two-thirds of the 
asci, and are not formed in the swollen apical region, although, when mature, 
they may pass up into it from the lower part of the ascus (Text-fig. 1, 
A, as.). The asci are 50u long and 2-2-6 wide, the swollen apical region 
being about 20u « 4p. Attempts to “tease out” the asci invariably resulted 
in the tops of the asci breaking off transversely where the thickened cap-like 
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Text-fig. 1. Ectomyces calotermi n.g., n.sp. A, swollen apical region of asci (a.) with ascospores 
(as.). (Lactophenol.) B and C, asci (a.) with contained ascospores (as.) and isolated asco- 
spores (as.). (Congo-red caustic potash.) D, asci (a.) and paraphyses (p.). (Lactophenol.) 
E, various forms of haustorial cells with connecting hyphae (c.h.). (Congo-red caustic potash.) 
F, tops of paraphyses (p.) and isolated ascospores (as.). (Lactophenol.) 


apex meets the thin-walled swollen region (Text-fig. 1, B and C). The de- 
hiscence of the ascus in the natural state is probably effected in this manner 
by the turgidity of the swollen region. 

The ascospores. The uniseriate, hyaline, ascospores completely fill the lower 
two-thirds of the asci, being contiguous with each other end to end, and, 
laterally, with the walls of the asci (Plate II, fig. 12, as.). They are shortly 
cylindrical, appearitig rectangular in optical section, and measure 4-5-3 Is 
x 2p (Plate IT, fig. 12, as., and Text-fig. 1, A, B,C and F, as.). The number 


of ascospores developed in an ascus is variable, there being a minimum 
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58 Ectomyces calotermi 
of eight, which is the most common number, but some asci contain nine, ten 
or eleven. 

The paraphyses. Interspersed among the asci are numerous long, slender, 
unbranched and aseptate paraphyses (Plate II, fig. 12, p., and Text-fig. 1, 
D, p.). They taper from the base and have a small apical enlargement which 
is easily detached and is usually absent in teased preparations (Text-fig. 1, 
F, p.). They are thin-walled and have fine protoplasmic contents and a small 


nucleus. 
RELATION TO THE HOST. 


The direct influence on the host appears to be slight. The chitin sur- 
rounding the entrance of the central haustorium is bent inwards and dis- 
coloured (Plate II, figs. 2 and 4). Beneath the thick-walled basal cells it 
is perforated by numerous small pores through which pass the fine hyphae 
connecting the basal cells and the haustoria. One of these pores lies beneath 
each basal cell, and, since they are found only in those parts of the chitin 
to which apothecia are attached, it is extremely probable that they are formed 
by the fungus. The most apparent effect is that caused to the hypodermis, 
which undergoes degeneration where the haustoria occur (Plate II, figs. 
4, 6, 7 and 8, hd.). The degeneration of the hypodermis is very clearly 
shown in Plate II, fig. 7, the nuclei of the hypodermis in the region of 
the haustorial cells (h.c.) being more or less structureless, darkly-staining 
masses (d.n.hd.), while immediately beyond the region of the haustorial cells 
the hypodermis retains its normal aspect and the nuclei (n.Ad.) have distinct 
chromatin figures. The other tissues of the leg appear to be normal. 


DISCUSSION AND SYSTEMATIC POSITION. 


A peculiar feature of this fungus is the crateriform peridium, the wall of 
which is formed of specialised hypothecial cells and the base of a single layer 
of thick-walled cells. The haustoria which the basal cells send into the host 
and the large central compound haustorium are unique characters. The asci 
are unusual in the localisation of ascospore development to the proximal two- 
thirds, and in the swollen distal part with a cap-like apex. Exceptional 
characters of the ascospores are their cylindrical shape, indefinite number, . 
and the manner in which they are contiguous with each other and with the 
walls of the asci. Another very peculiar character is the complete absence, 
at least in the stages examined, of any filamentous vegetative mycelium apart 
from that concerned in the development of the apothecia. This, in all proba- 
bility, is correlated with the parasitic mode of life and the development of 
haustoria, which, by absorbing nutrient fluids from the host, render un- 
necessary the development of a filamentous mycelium. 

In the possession of these characters it differs markedly from any known 
Ascomycete, and, while the general structure of the apothecia clearly shows 
that it is a Discomycete, its distinctive characters are such as to prevent its 
being assigned with certainty to any family. In these circumstances it has 
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been decided to found the new genus EHcfomyces for this fungus, giving it the 
specific name calotermi with reference to its host, Calotermes samoanus 
Holmgren. 

DIAGNOSIS. 

NAME: Eclomyces calotermi n.g., D.sp. 

HaBitaT: parasitic on the forelegs of the termite Calotermes samoanus 
Holmgren. ’ 

LocaLity: Samoa. 

APOTHECIA: simple or confluent, widely open at maturity, externally 
black and smooth, more or less circular, with entire rim and the peridial wall 
sloping outwards from rim to base. Diameter, at base, 0-5 mm., at rim, 
0-35 mm., depth from rim to base, 0-1 mm. 

PertpiuM: crateriform, not sharply defined from the hypothecium, the 
base formed of a single layer of more or less cubical thick-walled cells each 
of which sends an haustorium into the host’s leg. There is also a large central 
compound haustorium. 

Hypotuecium: well developed. 

Asct: borne on elongated sub-hymenial cells; not rising above the rim 
of the peridium when mature; cylindrical, but slightly inflated distally with 
a slightly thickened and constricted cap; about 50 long and 2-2-6 wide. 

AscosporEs: developed only in the proximal two-thirds of the asci, with 


the walls of which they are contiguous; cylindrical; usually eight in number 
but sometimes nine, ten or eleven; 4-5-3 x 2p. 
PARAPHYSES: slender, tapering, slightly capitate, unbranched and aseptate. 
Type: Ectomyces calotermi n.g., n.sp. Deposited in the Molteno Institute 
for Research in Parasitology, University of Cambridge. 
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in Botany, Cambridge, and Dr D. Keilin, University Lecturer in Parasitology, 
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EXPLANATION OF PLATE Il. 


. 1. Leg of termite infected with Ectomyces calotermi. x 30. 

2. Diametrical section of an apothecium attached to termite’s leg. x 170. 
ig. 3. Portion of central compound haustorium. «x 750. 

. 4. Portion of section of an apothecium showing penetration of central haustorium. (In this, 
and in fig. 2, the base of the apothecium has become separated from the chitin of the host 
during sectioning.) x 260. 

ig. 5. Section of the circumferential wall of the peridium. x 750. 

ig. 6. Section of chitin of host showing the basal cells of the peridium and the haustoria arising 
therefrom. x 750. 

ig. 7. Section showing the decrease in size of the haustoria towards the periphery, and the 
degeneration of the hypodermis of the host where they occur. x 750. 

. 8. Similar to fig. 6, but showing the actual protoplasmic connection between the basal peridial 
cells and the haustoria. x 750. 
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60 Ectomyces calotermi 1.9., 
Figs. 9, 10 and Ll. Congo-red caustic potash preparations showing the walls of the haustoria 


and of the connecting hyphae penetrating the chitin. * 750. 
Fig. 12. Asci with contained ascospores and a paraphysis. x 750. 


KEY TO LETTERING OF FIGURES ON PLATE II. 


d., asci. 
ap., apothecia. 
as., ascospores. 
b.c.p., thick-walled basal cells of the peridium. 
c., chitin of host. 

c.h., hyphae connecting basal cells and haustoria. 
c.h.c., radiating cells of central compound haustorium. 
d.hd., degenerate hypodermis of host. 

d.n.hd., degenerate nuclei of hypodermis. 
d.w.c., dark-coloured surface layer of peridium. 
h., central compound haustorium. 

h.c., haustoria developed from basal cells of peridium. 

hd., hypodermis of host. 

hp., hypothecium. 
hp.c., hypothecial cells. 

hy., hymenial layer. 

m., muscular tissue of host. 
n.hd., normal nuclei of hypodermis. 

p-, paraphysis. 
p.b.c., peripheral basal cells of peridium. 
p-h.c., peripheral haustorium. 

r., rim of peridium. 

s., sub-hymenial cells bearing asci. 
s.hy., sub-hymenial layer. 

st., dark-coloured mass of fungous cells penetrating host and forming the basis of the central 

compound haustorium. 

w.c.p., wall cells of peridium. 


(MS. received for publication 17. x1. 1926.—Ed.) 
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I. INTRODUCTION. 


In spite of the great richness of the North American freshwater molluscan 
fauna there were, until the last decade, few studies on the larval trematodes 
which undergo their pre-larval development in molluscs, usually in members 
of the Gastropoda. There are now numerous species reported from Montana, 
Kansas, Illinois, Michigan, Ohio and Georgia; in addition to these there are 
brief records from other localities (Faust, 1919). Only twenty-two furcocercous 
cercariae have been described from North America, although, as Faust (1926) 
pointed out, this kind of larval trematode always makes up a large group in 
any survey. The six furcocercous forms, the morphology and behaviour of 
which are the subject of the present paper, were found in 1924 in a survey of 
the freshwater streams and lakes of San Juan Island, located in the Strait of 
Georgia. Study of the living material was carried out at the Puget Sound 
Biological Station on San Juan Island. 
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The complete infestation and biological data have already been published 
(Miller, 1925), and in that paper the larvae were referred to by name, without 
descriptions; the new species cited there are only made valid by the data of 
the present report. Attention is again called to the isolation of the island from 
the mainland by strong tides, the limited vertebrate fauna, the few bodies of 
fresh water on the island, and the abundance of larval trematodes. This offers 
what is thought to be favourable conditions for the study of life-histories of 
the trematodes. The results of a survey of the adult forms infesting the snakes 
of the island have already been published (Sumwalt, 1926), with biological data 
on the food and habits of the hosts. No morphological clues connecting any 
of these adults with the larvae studied by the present author were found. 


If. LITERATURE REVIEW. 


Sewell (1922) described in detail fifteen new Indian furcocercous cercariae. 
He also studied the literature and formulated a classification which included 
the better known of the forty-four species of larvae; some of this number are 
incompletely known and could not be allocated. 

At that time and subsequently a great many studies on the group were 
published. In one of these, a preliminary report, the present author (1923) 
described seven North American larvae, and later (in press) compared them 
in detail with related forms and surveyed the literature of the 110 freshwater 
and the few marine forms. A scheme of classification was presented for only 
the apharyngeal brevifurcate larvae, as descriptions of the pharyngeal cercariae 
are much less complete and often inadequate. This is also true of some features 
of certain of the apharyngeal brevifurcate larvae, which led to Sewell’s incorrect 
disposition of them; from the author’s acquaintance with a number of these, 
data which have been published only in part (1924), it was possible to rectify 
several points in Sewell’s classification. The literature study referred to included 
some of the publications which appeared in 1924. Since that time a number 
of important contributions to the knowledge of the furcocercous cercariae have 
been made, and eighteen new species, most of them well described, are included 
in Check List II in the present paper; there are now 128 members of the 
group. 

Langeron (1924) studied Cercaria vivax Sonsino, 1892, and supplemented 
the work of Sonsino and Looss on this species. In a study of the structure, 
function and development of the larval trematode tail Wunder (1924) briefly 
characterised the pharyngeal longifurcate larva which was studied. Skwortzoff 
(1924) very briefly described two new cercariae from the Volga River at Nizhni 
Novgorod, Russia; two figures are given for Cercaria wolgensis, a brevifurcate 
monostome; the second species, C. levecaudata, Skwortzoff believes to be quite 
similar to C. aculeata Ercolani. The data are too scant to conclude whether 
they are the same. < 

Mathias (1925) published an important paper on the life histories of three 
digenetic trematodes. One of these, Strigea tarda Steenstrup, has a pharyngeal 
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longifurcate larva which penetrates various molluscs and passes through a 
tetracotyle stage. Although the exact connections of the flame cell capillaries in 
the cercaria are not shown, it is probable that the formula is 2[(2 + 1) + (2 +2)]. 
There are two pairs of pre-acetabular penetration glands. Bettencourt and 
da Silva (1925), reporting on the excretory system pattern and the penetration 
gland equipment of the cercaria of Schistosoma haematobium in Portugal, 
confirmed their previous studies. Two larvae of the genus Sanguinicola were 
found by Ejsmont (1925) in his studies on the blood flukes of fishes; the 
penetration glands were figured, but the excretory system details were not 
made out. Szidat (1925), in the second of his studies on development in the 
Holostomata, found that Cercaria C (Szidat, 1924) develops in the eyes of 
numerous freshwater fishes to Diplostomum volvens v. Nordmann, the meta- 
cercarial stage of Hemistomum spathaceum. Cercaria aculeata Ercolani, C. leti- 
fera Fuhrmann and Cercaria C are not known to differ strikingly. He also 
studied the reactions of Cercaria C to light and gravity. 

Brown (1926), in the first extensive study of British freshwater larval 
trematodes and their life histories, described two new furcocercous cercariae, 
C. macrosoma and C’, micromorpha, and studied C. fissicauda La Val. St George. 
Data on both the excretory and penetration gland systems are included. 
Nothing is known concerning the life histories of the two new forms. In the 
same journal Faust (1926) published another of his numerous important con- 
tributions to the knowledge of larval trematodes. This is the most recent of 
a series of papers on the cercariae collected in South Africa by Dr F. G. Cawston. 
In this he described four new furcocercous larvae: C. sewelli, a brevifurcate 
monostome, C’. gigantosoma, a pharyngeal longifurcate form, and two aphar- 
yngeal brevifurcate larvae, C. milleri and C. syncytadena. Furthermore, he 
confirmed in detail his own previous findings on the staining reactions of the 
penetration gland cells in the cerearia of Schistosoma mansoni and those of 
Blacklock and Thompson (1924, 1924 a) on the same glands of the cercaria 
of Schistosoma haemotobium in Sierra Leone. All evidence which these authors 
presented pointed to the fact that only the urinary type of schistosomiasis, 
due to Schistosoma haematobium, occurred in this region. But they described 
the cercaria as having two differentiated sets of penetration glands, an anterior 
one of two pairs and a posterior group of three pairs; whereas all previous 
accounts from all regions (Faust, Porter, Bettencourt and da Silva, ef al.) 
reported only three pairs of acidophilic glands. In Table II Faust listed all 
of the South African furcocercous cercariae under Schistosomatidae, although 
some of them are unquestionably larval holostomes; the Holostomata were 
recorded as being unrepresented. 

Scheuring and Eversbusch (1926) studied the development of Strigea cornu 
Rud. from Diplostomum cuticola v. Nordmann. Judging from their previous 
studies it is probable that the cercaria of this species will be a pharyngeal 
longifureate form. In a study of the seasonal infestation of a marine gastropod, 
Nassa obsoleta, with larval trematodes, Miller and Northup (1926) described 
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an apharyngeal binoculate furcocercous larva, Cercaria variglandis, which has 
three differentiated sets of penetration glands. 


Ill. METHODS. 

Neither the large Lymnaea stagnalis nor the very small species of Planorbis 
lived well in the laboratory and only the former were isolated to secure mature 
emerged cercariae. The planorbids were crushed soon after being brought in; 
hence some observations were undoubtedly made upon not fully mature larvae, 
although actively swimming ones were used as long as they lasted. Measure- 
ments made from such material are certain to be smaller even if well extended 
individuals are chosen, than if only mature emerged larvae are used. 

The species of Planorbis from which all but Cercaria sanjuanensis were 
secured are very small; many were less than 3 mm. in diameter, and as most 
of the material was used in the study of the living larva and parthenita there 
remained but little for permanent mounts. For these only the standard 
Ehrlich’s and iron haematoxylins were used, with erythrosin counter-stain. 
Some of each species were studied after intra-vitam staining with neutral red. 


IV. MORPHOLOGY AND BEHAVIOUR OF NEW SPECIES. 
1. Cercaria tuckerensis spec. nov. 
(Plate III, fig. 1; Plate IV, figs. 14, 16.) 

This larva was found more frequently than any other. It belongs to the 
Elvae group (Miller, 1923, and in press) and most closely resembles C. vari- 
glandis Miller and Northup, 1926, a marine larva from the Atlantic coast. 
Other recent additions to the group are C. macrosoma Brown, 1926, and 
C. milleri Faust, 1926. 

The swimming behaviour of C’. tvckerensis differs from that of other members 
of the group described in this regard. Locomotion is generally with head 
forward, while in the cases of C. bombayensis no. 19, C. macrosoma and usually 
CU’. elvae the tail drags the body after it. C. ocellata rests quietly on the bottom 
during the entire period after emergence from the snail. In a shallow dish 
('. tuckerensis was often observed to hold to the bottom by means of the anterior 
organ and lash the tail vigorously. The tail is frequently cast off under a cover 
glass, but the larva is able to progress very well without it, by creeping. The 
behaviour of C. gigantea, C, milleri and C. variglandis has not been described. 

As in the case of (’. elvae the spindle-shaped body is transparent, and the 
dark eye spots are conspicuous; likewise, the ventral sucker protrudes so much 
that a lateral view of the living cercaria is usual. As would be expected, the 
size of the body and tail stem varies greatly in the active larva. In permanent 
mounts the body averages 325 by 80, tail stem 400u by 40, and furcae 
250, although the tail stem of the living cercaria may exceed 600, in length 
and the fureae 325. The body and tail are spined; the extremely fine spines 
on the anterior organ, closely placed so as to give the appearance of a fine file, 
continue posteriorly on the body surface, but are observed with difficulty 
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behind the middle. Both tail stem and furcae are sparsely covered with 
retrorse spines which are longer than those on the body. 

The typical anterior organ, 100 in length, hasa strongly muscular posterior 
portion. A head gland, composed of about twelve clear spheroidal cells, is 
dorsally located in the anterior portion; it stains only lightly with intra-vitam 
neutral red and is eosinophilic in sectioned material. The ventral sucker has 
strong muscle bands which are attached to the dorsal body wall. 

A pair of deeply pigmented eye spots, with “lenses,” is in close posterior 
connection with the main mass of the nervous system. There is some variation 
in the size of the eye spots; for example, in a larva the body of which measured 
335 by 72, which is approximately the average of the well-extended speci- 
mens measured, the eye spots are 7-2 in diameter, while in an apparently 
fully formed but much smaller individual, 248 by 50, they are slightly over 
9 in diameter. This difference may be explicable on the basis of sexual 
dimorphism, which has not yet been demonstrated in trematode larvae but 
has been suggested by Cort (1921). The alimentary canal is like that found in 
most members of the group: capillary opening ventrally located in the anterior 
organ, oesophagus of equally small bore but easily visible back to the anterior 
penetration glands, absence of pharyngeal bulb, and bifurcation into short, 
finger-like caeca which are best seen in sectioned material. This system was not 
observed in C. gigantea. For C. macrosoma, Brown (1926: 32) described the 
alimentary canal as being “represented solely by a small muscular pharynx, 
which is also furnished with lateral muscle bands.” Because of the close 
agreement of this larva in all other respects with the group characters (Elvae 
group, infra) and the way in which the structure in question has been figured 
(Brown, fig. 26) the present author ventures to predict that C. macrosoma 
does not possess a muscular pharynx, but that the highly modified end 
of the anterior organ has been mistaken for it. This is the more probable as 
C’. macrosoma is the only cercaria described in Brown’s paper which would be 
likely to have a highly modified oral sucker. 

Five pairs of two kinds of penetration gland cells occupy the greater part 
of the body of C. tuckerensis posterior to the eye spots. There is an anterior 
set of four cells containing coarsely granular cytoplasm, much vacuolated, 
and a posterior set of six cells which have finely granular cytoplasm; the former 
are as a whole unstained by intra-vitam neutral red, although the numerous 
vacuoles become light pink in colour, but the posterior glands stain deeply. 
Similar results with this dye were obtained by Soparkar (1921) with the cercaria 
of Schistosoma spindale, the anterior cells being chromophobic and the posterior 
set staining deeply. In sectioned material of UC’. tuckerensis the anterior glands 
have lost portions of their contents, which are weakly eosinophilic, while the 
posterior cells are strongly stained with Ehrlich’s or iron haematoxylin. In 
the differentiation into two sets of cells and their staining reactions in pre- 
served material this species agrees with C. elvae; the only striking difference 
between it and C’. variglandis is the possession by the latter of a pair of large 
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gland cells posterior to the eye spots; these two cells stain more deeply with 
neutral red than do any others. Closely associated with the openings of the 
penetration gland ducts there are broad-based, sharp-pointed spines (teat- 
shaped); these were difficult to count because of the secretion of the glands 
which exuded under cover glass pressure, but the number observed was never 
in excess of the number of penetration glands. It cannot be asserted that they 
are hollow nor that they cap the duct openings, but there were indications 
that such is the case. Faust (1926, p. 104) noted for the penetration glands of 
C. milleri that the ducts “are heavily reinforced around their openings.” 

The excretory system pattern agrees in detail with that of C. variglandis: 
five pairs of flame cells in the body and one pair in the proximal region of the 
tail stem, and a pair of ciliated areas in the distal portion of each main lateral 
collecting tube. All other members of the group described in this respect have 
one additional pair of flame cells in the body; the exact condition in Cercaria 
ocellata is not clear. Even after decaudation of C’. tuckerensis the flame cells 
are easily visible. 

The large cells in the tail stem of some individuals are more or less regularly 
arranged and cannot be distinctly seen in others. The furcae are greater than 
one-half the tail stem length, and are not as sharply constricted from it as 
are those of the schistosome larvae. They have a thin narrow finfold which 
contains scattered refractile globules of various sizes, especially at the tips. 
The excretory system openings in the furcae are terminal. 

The future reproductive system is represented by a mass of cells ventral 
to the posterior penetration glands. Development of the cercaria takes place 
in long thread-like sporocysts, which are much constricted at intervals; between 
these are bulbous swellings. A subterminal birth pore is present near the 
anterior, very motile end of the sporocyst. There are some patches of deep 
yellow pigment in the walls. 


2. Discussion of the Elvae Group. 


The finding of Cercaria tuckerensis and the recent descriptions of three 
closely related forms make it now possible to characterise more precisely the 
enlarged Elvae group. The eight cercariae which belong to it come from widely 
separated areas: continental Europe, England, South Africa, India, China and 
the United States. The author has studied living and preserved material of 
three of them, Cercaria elvae, C. tuckerensis and C. variglandis; and has compared 
in detail C’. bombayensis no. 19, C. elvae, C. gigantea and C. ocellata (in press). 
The descriptions of the eight larvae, several of which are admittedly incom- 
plete in certain respects, do not permit the characterisation of the group without 
qualifications. But there is no doubt that these eight cercariae are more 
similar to one another than to any other furcocercous larvae. 
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Characterisation of the group. 


Large apharyngeal longifurcate! distome cercariae. 

Spindle-shaped body ranging in size from 230m by 55y (C. gigantea) to 
380 by 80 (C. bombayensis no. 19), and total lengths from about 0-7 mm. 
(C. gigantea, C’. variglandis) to 1-1 mm. (C. bombayensis no. 19). 

Furcal length never less than one-half that of the tail stem. 

Furcae in four members somewhat constricted from the tail stem, but not 
as sharply as in the schistosomes. No descriptions of the conditions of the 
furcae in the remaining four larvae; probably not restricted, judging from the 
figures. 

Furcae in some cases somewhat laterally flattened and with either narrow 
or fluted finfolds. 

Elongate anterior protrusible penetrating organ approximating, in half of 
the species, one-third of the body length. Anterior organ in all species, except 
possibly in C. gigantea and CU. macrosoma, highly modified into posterior heavily 
muscular and anterior thin-walled regions. 

Ventral sucker usually located at beginning of posterior third of body. 
Small in proportion to the anterior organ, but powerful; prominent muscle 
bands extending to dorsal and lateral body walls. 

Body and tail spined in four species; body only, C. macrosoma and C. vari- 
glandis; C’. milleri and C. ocellata aspinose, but latter with sensitive hairs. 

Head gland contained within the anterior organ, except in UC’. macrosoma 
(no statement to contrary). Head gland may be single (C. miller’) or composed 
of numerous cells (C. variglandis). 

Alimentary canal? with capillary opening on ventral surface of thin-walled 
region of anterior organ; capillary oesophagus without pharyngeal bulb; short 
finger-like caeca. 

Deeply pigmented, well defined, relatively small eye spots in every member 
of the group; in posterior connection with the main mass of the nervous 
system; “‘lenses” present, in three cases at least, formed by nerve endings. 
Body pigmentation in only CU. gigantea. 

Penetration glands large and ducts heavy. One set in C. bombayensis no. 19, 
CU. gigantea, C. macrosoma and C. milleri; two differentiated sets, anterior with 
coarsely granular and posterior with homogeneous cytoplasm, in CU. elvae, 
C. ocellata and C. tuckerensis; three sets in UC. variglandis. 

Hollow piercing spines capping penetration gland duct openings reported 
for UC’. bombayensis no. 19 only. 


1 These cercariae, in four of which the furcae are only slightly greater than half the tail stem 
length, are so much more like those of the brevifurcate groups that they are classed among them, 
rather than with the longifurcates. 

* In the cases of C. gigantea and C’. macrosoma the assumption may be made that the alimentary 
canal of each is of the same type as that present in all other members of the group. The difficulty 
in seeing and tracing this fine tube has been noted by Ssinitzin (1909) for C. ocellata and by the 
present author for C. elvae (in press). 
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Excretory system generally similar in the five forms for which it has 
been described. Five pairs of flame cells in body and one pair in tail stem, 
C. tuckerensis, C. variglandis. An additional pair in the posterior part of 
the body, C. bombayensis no. 19, C. elvae and C. macrosoma (and probably 
C. ocellata?). 

Caudal excretory pores terminal in the furcae (except CU. macrosoma). 

Future reproductive system usually represented by a compact mass of 
cells posterior to the ventral sucker. 

Development in elongate sporocysts; no rediae. 

Nothing known of post-larval development; no encystment observed. 

Swimming behaviour of C’. bombayensis no. 19 and C. elvae and, probably, 
CU. macrosoma very similar; that of C. tuckerensis distinctive, and behaviour 
of C. ocellata very different from any other. 


Summary of important data. 
Number 
of pairs Penetra- 
of flame Flame cell tion Molluse 
cells formula glands host Locality 
C. bombayensisno.19 6(+1)* 8 Lymnaea Bombay, 
Soparkar, 1921 a acuminata India 
C. elvae Miller, 1923 6(+1) 2[(2+1)+(4)]t 4+6 Lymnaea Michigan and 
and in press stagnalis Washi 


ton, U.S.A. 

C. gigantea Faust, ? ? i Lymnaea Soochow, 
1924 plicatula China 

C. macrosoma Brown, 6(+1) 2[((2+1)+(1+1+2)] Lymnaea England 
1926 stagnalis 

C. milleri Faust, z ? Lymnaea natalensis Durban, 
1924 and Segmentina Natal 

modiscus 


C. ocellata 6(+1)? ? Lymnaea Warsaw, 
Ssinitzin, 1909 stagnalis Poland 
C. tuckerensis (in 5(4+1) 2[((24+1)+(3)] 4+6 Planorbis sp. Washington, 
the present paper) U.S.A. 
C. variglandis Miller 5(+1) 2[{(2+1)+(3?)] 2+4+6 Nassa obsoleta N.-E. Atlantic 
and Northup, 1926 coast, 
U.S.A. 


* The numbers in parentheses represent tail stem flame cells. 
+ The formulae for Cercaria bombayensis no. 19 and for C. elvae are not exactly like those given 
by Faust, 1924, Table IT. 


1 Ssinitzin’s description of this species (1909, p. 318) contains the following statement: 
“...sieben Paar am K6rper zerstreut Flimmertrichter (24, 25)”; but the flame cells were 
omitted from the figures referred to. A private communication from Dr Ssinitzin (1926) states 
that his notes were lost in the Russian revolution and that he does not remember the distribution 
of the flame cells. In all apharyngeal brevifurcate larvae and those of the Elvae group the tail 
stem flame cells are very plainly seen, often being larger than those of the body, and it is assumed 
that they did not escape the observation of Ssinitzin. Furthermore no cercaria of this type has 
more than one pair of flame cells in the tail, and hence the expression “‘am Kérper zerstreut” 
of Ssinitzin probably refers to both body and tail, and there are six pairs of flame cells in the body 
and one pair in the tail stem of Cercaria ocellata. 
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3. Cercaria bulbocauda spec. nov. 
(Plate ITI, figs. 3, 5; Plate IV, figs. 7, 12, 13, 18.) 

Although this bizarre larva, for which the name Cercaria bulbocauda is 
proposed, was found on five occasions there was not sufficient material to com- 
plete the observations on certain features of the living forms. The cumbersome 
tail does not permit rapid locomotion; there is slow, jerky and erratic progres- 
sion with the tail forward, the body and tail vibrating so that there is a node 
at about the middle of the tail stem. No motionless sinking through the water 
was observed, but the larva may come to rest on the bottom of the container. 
Thereupon the entire animal may curl up so that the body touches the tail, 
and then slowly extend itself; frequently the bulbous portion of the tail 
remains stationary, while the tail stem bends so that the body touches the 
bulb with its anterior tip or even passes over it; the tail then slowly unbends 
and the series of motions is repeated. Or the body may vibrate and slowly 
turn around the bulb as a pivot; the bulb does not always remain in exactly 
one spot; it may do so, and, with the furcae widely curved apart, the body 
and tail stem may wave back and forth through an arc of about 80 degrees. 

The body is an elongate cylinder which in large, well-extended specimens 
averages 182 by 49y, the tail stem 387, in length and 50 in diameter at 
its middle; the bulb is 118 in diameter and the well-extended furcae average 
245 in length. In living material the largest body observed measured 217 
in length and 53 in diameter. On the body there is an anterior cap of sparsely 
distributed large spines (PI. IV, fig. 7) and the rest of it is covered with smaller 
and more slender spines, which are seen with difficulty on the posterior half. 
On the bulb of the tail there are four groups of from ten to fourteen stumpy 
fluted spines. 

The anterior organ is provided with circular muscles in its posterior half, 
and when these are strongly contracted the organ is pear-shaped. No head 
gland was observed. The ventral sucker which in most larvae is small and held 
contracted into the body, in others appears proportionately huge, especially 
under cover glass pressure, and may measure 40 in diameter. There are no 
pigmented eye spots. 

The opening of the alimentary canal is antero-ventral in the anterior organ. 
The narrow tube is surrounded by a small pharyngeal sphincter, and there is 


_ ashort Indian club-shaped gut with a partition; the contents of this stain 


with eosins in sectioned ‘material. 

The penetration glands are of one sort only, fourteen large cells filled with 
coarsely granular cytoplasm and located posterior to the ventral sucker. They 
are the only structures in the body which stain deeply with intra-vitam neutral 
ted; they are strongly eosiniphilic in sections. Piercing spines are associated 
with the gland duct openings; their number was not ascertained. 

There are six pairs of flame cells in the body and one large pair in the 
proximal region of the tail stem. All observations on this system were made 
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difficult by the presence of numerous refractile parenchyme cells in the body, 
but the excretory pattern was finally determined. The two main lateral col- 
lecting tubes are connected posterior to the ventral sucker by a cross commissure; 
in this region on either side there is a dense tangle in the tube (or tubes) and 
the exact point at which the anterior and posterior collecting tubules unite 
has not been clearly seen (PI. III, fig. 5, x). But there is no doubt that the 
excretory system in the body is symmetrical with respect to its anterior and 
posterior halves: three pairs of flame cells empty into the anterior and three 
into the posterior lateral collecting tubules. In the total number of flame 
cells in C. bulbocauda and their relations to the anterior and posterior portions 
of the system there is complete agreement with the figure given by Cort 
(1917, fig. 2, C) for C. douglasi. But of the four posterior pairs two lie in the 
body of C. douglasi and two in the proximal region of the tail stem; while in 
C. bulbocauda there are three pairs in the body and one pair in the tail. There- 
fore, in spite of the fact that up to the larval stage there has been the same 
amount of excretory system development in each species, the systems of the 
adult would be different, unless there would be an early compensatory division 
of the posterior flame cell (on each side) of the body of C. douglas: in the post- 
larval stages following penetration of another host. This Faust and Meleney 
(1924) found to be the case in the cercaria of Schistosoma japonicum. The 
formula for the system in C. bulbocauda, 2 [(2 + 1) + (1+ 2+ 1)], introduces 
a new combination in Faust’s formulary (1924, Table II); there was at least 
one observation which indicated that all posterior flame cell capillaries meet 
in a common point, in which event the formula would be 2 [(2 + 1) + (4)]. 

The tail of C. bulbocauda is the structure which departs most radically 
from the condition usually found in the furcocercous cercariae. The bulbous 
portion has four swellings on which are located the large spines already described, 
and on both tail stem and bulb of the living larva delicate caudal setae are 
present, though seen with difficulty, especially on‘the proximal third of the 
tail stem. Before there is any pressure of the cover glass this proximal region 
is often held very much constricted, as a narrow, finely annulated neck. The 
greater portion of the tail stem appears to have no formed contents, but in 
the bulb region and extending a short way into the furcae there is a mass of 
brownish-yellow cells of various rounded shapes. The furcae are laterally 
flattened, so that they appear very much broader when viewed in that position. 
They are very contractile, and accordingly the position of the excretory pores, 
which are in the middle region, appears to vary in different individuals. There 
are no furcal finfolds. 


The future reproductive system is represented by a compact mass of cells, 
crescentic in lateral outline, in front of the excretory vesicle. The sporocysts 
are long blunt-ended tubes with relatively slight constrictions; they may 
measure 3-4 mm. in length and 0-05 mm. in least and 0-19 mm. in greatest 
diameter. There is a birth pore; and on the average ten mature cercariae in 4 
parthenita. 
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4. Cercaria absurda spec. nov. 
(Plate ITI, fig. 2; Plate IV, figs. 9, 11, 17.) 

In the organisation of its body but not of its tail this larva, for which the 
name Cercaria absurda is proposed, is so closely like C. bulbocauda that at first 
it was thought to be a developmental stage of that species. But the great 
difference in the tails of the two forms, especially in the .character of the 
spination, together with other dissimilarities make it provable that they are 
closely related but specifically distinct. Outline sketches of an individual of 
each species, with bodies of the same size and drawn to the same scale, show 
the obvious differences between the two larvae (PI. III, figs. 2, 3). 

C. absurda was not observed to swim. The furcae, or their tips, adhere to 
the substratum and the tail stem bends slowly until the anterior end of the 
body almost touches the furcae; then there is a quick straightening of the 


. tail stem and the series of movements is repeated. Under a cover glass the 


body is very extensile. The proximal region of the tail stem is usually twisted 
so that the body lies at right angles to its axis (Pl. IV, fig. 17), or so completely 
turned that the body and tail axes are parallel. Or frequently the tail stem is 
bent so that the body points posteriorly (PI. IV, fig. 9). Possibly because of 
the large diameter of the tail decaudation takes place relatively late under 
cover glass pressure, following which the body is able to make good progress. 

There is but little difference in the size of the body in the two species; for 
well-extended individuals of C. absurda the average is 183 in length and 55 
in diameter. But the tail stem is much shorter, though broader; it averages 
285 in length and 114y in greatest diameter. Likewise the furcae are much 
shorter, 802 long and 30, wide at the base. 

The spination of the body is much like that of C. bulbocauda, except that 
it is more easily visible on the posterior part. That of the tail is strikingly 
different. On the surface of the proximal region are two groups of huge spines 
(Pl. IV, fig. 11), while on the distal half of the stem are long, backward- 
pointing spines which are seen on both immature and mature larvae (PI. III, 
fig. 2); there are about 350 of these, which are quadrilateral and fluted, 11-16 
in length, and not regularly arranged. No caudal setae are present. 

The anterior penetrating organ is like that of C. bulbocauda; the muscular 
nature of the posterior portion is not always evident, and the form of the 
entire organ may be that of a prolate spheroid. There are no pigmented eye 
spots. The alimentary canal is alike in the two larvae, except that there may 
not be a partition in the gut of C. absurda; although the gut may sometimes 
be clear in the living larva, in total mounts it appears to have coarsely granular 
contents. In the penetration gland equipment there is identity in the number 
and staining reactions of the cells. 

Although in this species the exact points of connection of all of the flame 
cell capillaries were not observed, there is identity in flame cell number and 
position in the two cercariae, together with similarity of excretory vesicle 
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shape and the presence in each of a commissure connecting the main lateral 
collecting tubes. This cross commissure has been described only in C. douglasi 
and C. burti, and in four other cercariae in the present paper. There was not 
sufficient material to complete the observations on the excretory system. 

The spination of the tail has been described. There is a core of pigment- 
filled cells, usually yellow-orange in colour, which extends part-way into the 
furcae. The germ cell mass is like that of C. bulbocauda. In the sporocysts, 
which are elongate tubes provided with a birth pore, all stages from the germ 
ball to the fully formed cercaria (PI. III, fig. 2) are present; but in the few 
parthenitae of C. bulbocauda which were studied only early germ balls or almost 
fully formed cercariae were found. 


5. Cercaria granula spec. nov. 


This pharyngeal longifurcate larva differs in the number of flame cells in 
body and tail stem from any other member of the group for which this system 
has been described. It so closely resembles Cercaria hirsuta spec. nov. that 
the figures for that larva (PI. III, fig. 4; Pl. IV, fig. 10) will be referred to. 

C. granula swims incessantly with the tail forward; this is in contrast to 
most other longifurcate larvae, which alternate rapid upward swimming, tail 
forward, with almost motionless sinking through the water, so that a vial 
containing many cercariae looks like a “suspension.” Although continuous, 
progression through the water is slightly jerky due to a momentary cessation 
of, or change in the character of, the vibration of the tail. Under a cover glass 
exerting little or no pressure the body is frequently fully extended and motion- 
less. At times there may be short extensions by the anterior fifth of the body, 
followed by quick contraction which results in slight progression forward; the 
short tail stem changes very little in length, while the tips of the furcae vibrate, 
the bases remaining practically motionless. 

The body is an elongate cylinder, averaging in preserved material about 
220 in length and 60, in diameter; the tail stem, 140 long, is considerably 
shorter than the furcae, which measure 1924. The maximum sizes of the active 
cercaria under a cover glass are: body, 385 by 33, tail stem 172, furcae 
230. The body and tail are sparsely spined. 

The posterior part of the anterior organ is furnished with circular muscles, 
although there is not the striking departure from the oral sucker which is 
found in some furcocercous forms. There are six cells in the anterior organ 
apparently similar to those observed by Sewell (1922) in C. indica XXII. The 
ventral sucker is much smaller than the anterior organ, and does not possess 
great powers of attachment; it is usually retracted and a dorso-ventral view 
of the body is the one ordinarily obtained. The alimentary canal opens antero- 
ventrally by a small orifice; there is a short prepharynx, muscular pharyngeal 
bulb, and a pear-shaped gut with thin median partition. The posterior half 
of the body is largely filled with a mass of penetration glands, which extend 
into the pre-acetabular region. They number about twenty-six, and are filled 
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with a coarsely granular cytoplasm which stains with intra-vitam neutral red, 
although not so deeply as the gut. There are about ten solid piercing spines 
associated with the openings of the penetration gland ducts. 

The general pattern of the excretory system is similar to that of C. hirsuta 
(Pl. III, fig. 4), except that in several larvae there were unmistakably two 
adjacent flame cells in position IV, and in one instance two were observed at 
the level of II. The two flame cells in the tail are not constantly at the same 
level as shown for C. hirsuta; the capillary of one of the pair is regularly longer 
than, and may be three times as long as, that of the other. The conspicuous 
excretory pores are mid-furcal. 

The thick cuticula of the tail is finely annulated, and bears fine setae 
(sensory hairs?) which are about one-half the tail stem diameter in length. 
Around the caudal excretory tube are six pairs of caudal gland cells; these are 
more regularly arranged than in C’. multicellulata Miller, 1923, and are not as 
easily visible as those in C. hirsuta. 

Development takes place in elongate sporocysts which have a birth pore. 


6. Cercaria hirsuta spec. nov. 
(Plate III, fig. 4; Plate IV, fig. 10.) 


Cercaria hirsuta differs from C. granula in only a few characters, the most 
striking of which is the penetration gland equipment. There are no great 
differences in the swimming behaviour of the two species; but under a cover 
glass the body of C. hirsuta is frequently held much contracted, in contrast 
to the extended condition of C. granula described above. 

The body of C. hirsuta in preserved material averages 188 in length and 
44 in diameter, the tail stem, proportionately longer than in C. granula, 
measures 165 and the furcae 185, in length. The comparison shows that the 
body and furcae of C. hirsuta are smaller than those of C. granula, while the 
tail stem is longer. 

The same type of alimentary canal is present, and the pear-shaped caecum 
in this species also stains more deeply than do the penetration glands. In the 
living cercaria the cytoplasm of these glands is homogeneous, and it was not 
possible to count the nuclei; but in the study of sectioned material twelve 
gland cells were found. This difference in the number and character of the 
penetration glands is enough to show that the two species are distinct; for 
Faust (1920, p. 193) found in a study of the development of the penetration 
glands in the cercaria of Schistosoma mansoni that “at a stage before the furcae 
of the tail are evident. ..the two groups have already assumed their relative 
positions, have divided into the number characteristic of the adult and give 
the differential staining tests.” And the present author has found the same 
to be true of the very early stages of C. wardi, an apharyngeal brevifurcate 
distome not known to be a larval schistosome. So that when two species of 
mature cercariae, however similar in all other respects, differ in the number 
and character of the penetration glands there can be no doubt as to their being 
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specifically different. About sixteen solid piercing spines are found adjacent 
to the gland duct openings of C. hirsuta. 

There are four pairs of flame cells in the body and one pair in the tail stem; 
while the positions of these are relatively constant there are slight variations 
(Pl. III, fig. 4). The tangle of the collecting tube just behind the ventral sucker 
on either side is more compact and difficult to trace than it is in C. granula, 
The island of Cort was observed in C. hirsuta. The mid-furcal excretory pores 
are less conspicuous than in C. granula. The body and furcae are spined much 
as in C. granula, but the fine setae on the tail stem are more numerous on 
C. hirsuta, There are six pairs of symmetrically arranged caudal gland cells; and 
cross-section of the tail stem shows four muscle fields much as in C. tenuis 
(Miller, in press, fig. 59). 

Development of C. hirsuta takes place in long sporocysts having a birth pore. 


7. Cercaria sanjuanensis spec. nov. 
(Plate III, fig. 6; Plate IV, figs. 8, 15.) 

This larva, for which the name Cercaria sanjuanensis is proposed, is the 
third pharyngeal longifurcate species found in the survey. 

It swims almost incessantly in an erratic course, with the tail forward; 
there are occasional brief intervals when the larva suddenly stops swimming 
and sinks through the water in the fashion characteristic of many longifurcate 
cercariae. Under a cover glass there may be locomotion with either the body 
or tail forward; although the direction may be frequently and quickly changed, 
there is no observable change in the manner of vibration of body and tail 
which effects locomotion. 

The body of this larva is flat, and a dorso-ventral view is the usual one 
obtained. Decaudation takes place relatively easily under a cover glass. The 
body in preserved mounts averages 205 in length and 40, in diameter, the 
tail stem has the same dimensions, and the furcae are 190 in length. Both 
body and furcae are spined, the former with prominent spines sparsely dis- 
tributed, which are absent from the ventral posterior surface. There are three 
rows of large spines on the ventral sucker. 

No head gland was observed in what is only a slightly modified oral sucker, 
which in diameter is about equal to the ventral sucker. The alimentary canal 
is of narrow calibre throughout its entire length; there is a short pre-pharynx, 
small pharyngeal bulb, long oesophagus, and caeca made up of disjointed parts, 
the contents of which are eosinophilic in sectioned material. The last segments 
of the caeca may extend as far posteriorly as the level of the germ cell mass. 
There are four penetration glands between the origin of the caeca and the 
ventral sucker, three ventrally located and one wedged dorsally between the 
caeca. The cytoplasm of the glands is coarsely granular; it stains with neutral 
red in the living cercaria, although less deeply than do the viscous caecal con- 
tents, and with Ehrlich’s haematoxylin in sectioned material. There are about 
sixteen piercing spines in the region of the penetration gland duct openings. 
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The excretory system pattern consists of ten flame cells in either lateral 
half of the larva, and two in either half of the proximal region of the tail stem; 
they are grouped in twos (PI. III, fig. 6). The tail stem flame cells are not at 
all symmetrically placed. As in C. douglasi Cort, 1917, there is a cross com- 
missure connecting the main lateral collecting tubes anterior to the ventral 
sucker. In C. burti Miller, 1923, and in four cercariae in the present study the 
cross commissure is located posterior to the ventral sucker. In connection 
with it in C. sanjuanensis there are a number of short blind tubes of the same 
calibre. Although there is a dense tangle of the collecting tube lateral and 
posterior to the ventral sucker and observations in this region and lateral to 
the ventral sucker are especially difficult to make, it is clear that the excretory 
system in the body is symmetrical with respect to the development of the 
anterior and posterior collecting tubules; four body flame cells empty into 
each. 

The cuticula of the tail stem is thick and finely annulated. There are fine 
setae on the tail stem, but they are few in number. There is not the central 
core of gland cells so commonly found grouped around the caudal excretory 
tube in the tail stem of longifurcate cercariae, both monostomes and distomes; 
but there are a number of large clear cells just beneath the cuticula. 

The parthenitae are long sporocysts with but few constricted regions and 
containing large numbers of larvae in all stages of development. There is a 
birth pore near the anterior end. Cercaria sanjuanensis was present in one of 
twelve large individuals of Lymnaea stagnalis; seven of these died and dis- 
integrated before examination, but the infested snail furnished large numbers 
of mature, emerging cercariae. 


8. Cercaria elvae Miller, 1923. 


This larva is unquestionably the same species as was described by the 
author from northern Michigan; there the snail hosts died and the parthenitae 
could not be studied. These are long sporocysts with but little variation in 
diameter; the largest measured more than 5-5 mm. in length and averaged 
0-1 mm. in diameter. An anterior birth pore is present. 

The excretory system of the cercaria was re-studied from abundant material; 
from one host individual possibly ten thousand (estimated) larvae emerged in 
twenty-four hours. The connections of the flame cell capillaries in the anterior 
half of the body (Text-fig. 2) are the same as those originally reported (Miller, 
1923, Text-fig. 5). But in the posterior part of the body, where observations 
are always more difficult than in the region anterior to the ventral sucker, 
the capillary connections were almost always different (Text-fig. 1); here the 
capillaries of the four posterior flame cells empty into the posterior lateral 
collecting tubule at the point 2. In several cases the capillaries of two, V and 
VI, of these four flame cells were apparently united for a short distance 
(Text-fig. 3). For either conditions the flame cell formula would be different 
than that given by Faust on the basis of the original description. 
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2 3 


Text-figures 1-3. 

Cercaria elvae; diagrams of the excretory system, with reference to differences in observations 
on the capillaries of the posterior part in the’ body; not more than the lateral half of the system in 
body and proximal tail stem region shown. 

Text-fig. 1. Condition in the San Juan Island material of C. elvae; capillaries of flame cells IV, 
V, VI, and VII meet at the same point, 2. 

Text-fig. 2. As described in Miller, 1923, Text-fig. 5. 

Text-fig. 3. Capillaries of flame cells V and VI shown united, before joining with those of flame 
cells IV and VII; observation on two individuals 


a, anterior lateral collecting tubule. p, posterior lateral collecting tubule. 
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9. Cercaria burti Miller, 1923. 


On three occasions in Lymnaea stagnalis a pharyngeal longifurcate cercaria 
was found which is morphologically indistinguishable from Cercaria burti 
Miller, 1923. In Michigan C. burti was found in Planorbis trivolvis; but this 
mollusc is rare on San Juan Island and here the host was Lymnaea stagnalis. 


V. DISCUSSION. 

1. Morphology. Two of the six cercariae found have bizarre tails, although 
their bodies are much like those of certain other typical furcocercous forms. 
The tail stems of five of the larvae have fine setae projecting at right angles; 
it is probable that these delicate structures have escaped observation in some 
of the previously described cercariae. The same five cercariae have a cross- 
commissure connecting the main lateral collecting tubes in the ventral sucker 
region; this was previously reported only for Cercaria douglasi, C. burti and 
C. fissicauda. 

The nomenclature of the penetration glands has been discussed by the 
present author (in press) and that term proposed as a substitute for all previous 
suggestions. Blacklock and Thompson (1924) designated these as secretory 
glands in the cercaria of Schistosoma haematobium in Sierra Leone, and Faust 
(1926) made general use of the term cephalic secretory glands in his descrip- 
tions. The adjective secretory seems unnecessary. Brown (1926) used the 
terms gland cells and salivary gland cells in describing echinostome cercariae, 
stylet glands for xiphidiocercariae and salivary glands for furcocercous species. 
Miller and Northup (1926) used larval glands for all species except C. vari- 
glandis, a furcocercous larva for which the term penetration glands was 
employed. 

It is recognised that many of the furcocercous cercariae have the structure 
corresponding to the oral sucker of other cercariae so highly modified as to 
justify the use of the term anterior organ (anterior protrusible penetrating 
organ of Sewell). Faust (1926) mentioned the post-larval changes of the anterior 
bulbus of the cercaria of Schistosoma japonicum; the portion of this structure 
anterior to the oral opening disappears soon after the larva penetrates the 
mammalian host. In the description of C. milleri he used the term oral bulbus. 
It may be that a distinction should be drawn between the organ as highly 
modified in the schistosome and certain other apharyngeal larvae and the 
organ in which there is no well-defined posterior muscular region, as for example 
in C. burti. 

The present author’s unpublished studies on C’. gigas have determined that 
a typical anterior organ, with a head gland in its anterior portion and with 
a highly muscular posterior region, is present, and therefore the exception 
made by Sewell (1922, p. 258) in the characterisation of his Series 2 of the 
apharyngeal brevifurcate larvae does not exist, “The anterior organ is a 
protrusible penetrating organ (except apparently in members of the ‘Gigas’ 
group). It has also been shown that in C. echinocauda, the other member 
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of Sewell’s group, the highly modified organ is present (Miller, 1924). The 
author regrets the term oral gland(s) proposed for the head gland(s) by Khalil 
(1922) and now used by Faust (1926) for that structure in C. milleri and 
C. syncytadena. The head gland opens anteriorly without connection with 
the oral cavity or any part of the alimentary canal and therefore the term 
proposed is misleading. The head gland (or glands) is most highly developed 
in the apharyngeal brevifurcate larvae. 

For the differentiation of holostome cercariae (pharyngeal longifurcate 
distomes, so far as is known) Cort and Brooks (1925, 1926) found the internal 
structure of the tail stem to be a very useful character, ‘especially in those 
with caudal bodies which had a characteristic number and arrangement” 
(1926, p. 179). In C. granula and C. hirsuta in the present study and in C. micro- 
morpha Brown the caudal bodies or caudal gland cells are regularly arranged, 
but in C. multicellulata, using only emerged and hence mature cercariae, the 
present author found a great diversity in the number and size of these cells. 
Cort has suggested (verbal communication) that what the author called a 
caudai gland duct is simply a process of the cell attaching it to the tail stem 
wall; this is probably true. Cort and Brooks also found body spination to be 
a useful character which alone served to distinguisl every one of the nine 
holostome larvae studied, but the fact that the highest power of the micro- 
scope is necessary to determine the details detracts somewhat from the 
practical value of this character. 

Brown (1926) found a lack of constancy in the number of flame cells in 
the tail stem of CU. fissicauda; but there is no statement to show whether he 
may not have been studying immature forms from crushed snails. As the 
present author has pointed out elsewhere, all data for the descriptions of 
mature cercariae should be taken whenever possible from larvae which have 
spontaneously emerged from the mollusc host; results of the study of immature 
stages are valuable, but should be clearly recorded as such. 

The difficulty of determining the exact connections of the flame cell 
capillaries, particularly in the pharyngeal longifurcate cercariae, raises again 
the question of the feasibility of using the excretory system pattern for deter- 
mination of species. The author’s re-study of C. elvae in the present paper 
indicates the possibilities of incorrect allocation of a larva due to faulty or 
incomplete observation. In view of this it does not seem feasible to construct 
a classification of the furcocercous cercariae based only on the excretory 
system. In a few cases the formula assigned to a species by Faust (1924) 
is not in accord with the figure given in the original description; this is true 
of C. douglasi, C. douthitti, C. elephantis and C. emarginatae. It will be noted 
that in the present paper C. tuckerensis was not compared with C. wardi 
because of general dissimilarities, although the excretory systems are identical. 
The similarities of C. wardi, C. bombayensis no. 13 and C. indica xxv have been 
discussed in detail (Miller, in press) ; C. syncytadena Faust, 1926, unquestionably 
belongs to this group and justifies its original formation for only three cercariae. 
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2. Biology. There were almost as many species of furcocercous cercariae 
in the small species of Planorbis which furnished the material for this study 
as there were all other kinds of larval trematodes; and of the 44 per cent. 
total infestation 26 per cent. was due to furcocercous forms. According to 
Faust’s Table II (1926) ten species among the thirty-eight found in South 
Africa were furcocercous; and three of the nine larvae studied by Brown 
(1926) likewise belong to this group. Yet little is known cancerning the life 
histories of these forms. Those of five mammalian schistosomes have been 
worked out, including three human species, and more recently the develop- 
mental stages of several holostomes have been reported. 


Table I. Summary of infestation of molluscs*. 


84 Lymnaea stagnalis 376 Planorbis (three species) 
Furcocercous cercariae Furcocercous cercariae 

C. burt... 4% C. absurda ... 1% 

C. elvae i pres 8 C. bulbocauda 1 

C. sanjuanensis ... 1 C. granula ... 

All other cercariae pom 52 C. hirsuta ... ie ‘cui 3 

C. tuckerensis 13 

Total infestation ... 65% C. granula? (immature) ... 1 

All other cercariae aon 18 


Total infestation 


It is to be regretted that the percentage of infestation for each species is not 
included in many studies, such as the recent important ones of Faust (1924, 
1926) and Brown (1926). While this percentage may vary with the season of the 
year and even differ in adjacent regions of the collecting ground, nevertheless 
the data are of importance from a number of standpoints. Data on the 
seasonal infestation of molluscs may throw some light upon the life histories 
of trematodes, particularly where the definitive hosts are migratory birds. 
Especially is it desirable to have these data for the planning of experimental 
work, whether it bears on the life history of the trematode or a study of its 
behaviour and reactions to various stimuli. In this connection attention is 
called to the fact that numerous cercariae are photopositive or geonegative, 
and offer excellent material for the study of the réles which these “tropisms” 
play in the life history of the species. 

The specificity of mollusc host and trematode parasite in the San Juan 
Island habitats has already been discussed (Miller, 1925, pp. 13, 19); the small 
number of molluses examined may account for this, although the percentage 
of infestation was high. It is interesting that Brown did not find any examples 
of non-specificity (numbers of snails examined not given); and that on the 
contrary Cawston (1923, p. 127) reported finding the same cercaria in Lymnaea 
natalensis and in the operculated species Tiara tuberculata. 

Only one double infestation was found, in which C. hirsuta and C. tucker- 
ensis were present in one among 376 individuals of Planorbis examined. 
Brown found six examples in Lymnaea stagnalis from the neighbourhood of 
Birmingham, England. 

1 Detailed records of collecting localities are given in Miller, 1925. 
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The swimming behaviour of cercariae should be more carefully studied. 
Observations of this sort on furcocercous cercariae, begun in 1920 and only 
now in press, have been continued at various times on both these and other 
types of larvae. In some cases the behaviour of a furcocercous larva is unique; 
however, members of the sub-group in which the brevifurcate condition is 
found are more like one another in this respect, in so far as data are available, 
than they are like the members of the longifurcate cecariae. The statement 
made by Brown (1926, p. 31) that all fork-tailed cercariae swim with the tail 
foremost does not hold for all species. 


VI. CHECK LIST II. 


Cercaria absurda spec. nov., in the present paper, p. 71. 

bulbocauda spec. nov., in the present paper, p. 69. 

gigantosoma in Faust 1926, pp. 105-106; 2 figs. 

granula spec. nov., in the present paper, p. 72. 

hirsuta spec. nov., in the present paper, p. 73. 

levecaudata in Skwortzoff 1924, p. 207. 

macrosoma in Brown 1926, pp. 31-32; figs. 26, 27. 

micromorpha in Brown 1926, pp. 32-33; figs. 29, 30. 

millert in Faust 1926, pp. 103-104; 3 figs. 

rhabdocoela in Faust 1924; Table II; misprint for C. rhabdocaeca 
Faust, 1919. 

of Sanguinicola sp. in Ejsmont 1925, pp. 925-942; figs. 19-23. 

sanjuanensis spec. nov., in the present paper, p. 74. 

sewelli in Faust 1926, pp. 102-103; 3 figs. 

of Strigea tarda in Mathias 1925, pp. 52-56; PI. ITI, figs. 2, 3. 

syncytadena in Faust 1926, pp. 104-105; 3 figs. 

tuckerensis spec. nov., in the present paper p. 64. 

variglandis in Miller and Northup 1926, pp. 500-501; figs. 15-17. 

wolgensis in Skwortzoff 1924, p. 202; 2 text-figs. 

in Wunder 1924, 313-315; fig. H. 


” 


Important additions to incompletely known species: 
Cercaria fissicauda La Val. St George 1855; in Brown 1926, pp. 30-31; figs. 24, 


25. 
vivax Sonsino 1892; in Langeron 1924, pp. 20-43; figs. 2-15. 


Vil. SUMMARY. 


1. Six new furcocercous cercariae from the north-western United States 
are described and comparisons with similar forms are made. 

2. On the basis of the structure of Cercaria tuckerensis spec. nov. and three 
cercariae reported in the recent literature it is possible to characterise more 
precisely the Elvae group, which now contains eight members. 
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3. The execretory system of Cercaria elvae Miller, 1923, was re-studied 
and found to differ from the original description. The bearing of this sort 
of error on Faust’s use of excretory system formulae is touched upon. 

4. Cercaria burti Miller, 1923, originally described from northern Michigan, 
is reported from San Juan Island. 

5. Certain features of the morphology and biology of the furcocercous 
cercariae are discussed in the light of this and other recent .studies. 

6. Check List II of the furcocercous cercariae, with eighteen larvae, is given. 
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EXPLANATION OF PLATES Ill AND IV. 


All drawings were made with the aid of a camera lucida, unless otherwise noted. Sketches 
made from living material are so designated. The numerals accompanying the scale lines represent 
the length in micra. 


PLATE Ill. 


Fig. 1. Cercaria tuckerensis. Lateral view of living larva, showing outline of head gland in 
anterior organ, capillary oesophagus, pigmented eye spot, two sets of penetration glands, 
protruding ventral sucker, and excretory system in body and proximal region of tail stem. 
Excretory system drawn freehand. 

ig. 2. Cercaria absurda. Outline sketch, drawn to the same scale as Fig. 3, to show differences 
between the tail stems of the two larvae, having bodies practically of the same size. 
. 3. Outline sketch of Cercaria bulbocauda, to be compared with Fig. 2, Cercaria absurda. 
. 4. Ventral view of Cercaria hirsuta, showing pharynx, caecum, and excretory system in body 
and proximal tail stem region; composite sketch from living material. 
ig. 5. Cercaria bulbocauda. Ventral view of living cercaria showing alimentary and excretory 
systems; germ cell mass outline anterior to excretory vesicle. Connection of anterior and 
posterior lateral collecting tubules with main lateral collecting tube and cross commissure 
shown diagrammatically on left side of figure (level of 2). 
ig. 6. Sketch of excretory system in living Cercaria sanjuanensis; composite from numerous 
observations. 
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PLATE IV. 


. 7. Cercaria bulbocauda. Freehand sketch of anterior organ spine; portion in solid line pro- 
truding from surface, dotted portion embedded. 

‘ig. 8. Ventral view of Cercaria sanjuanensis, showing alimentary canal, the three ventral 
penetration gland cells, and germ cell mass in body; also cells in tail stem. Drawing partly 
made from living larvae. 

. 9. Outline of living Cercaria absurda to show characteristic position assumed under cover 
glass. : 

. 10. Cercaria hirsuta. Ventral view of living larva showing alimentary canal, penetration 
gland cell group and ducts, and germ cell mass in body; also caudal gland cells, caudal setae, 
and mid-furcal excretory system openings in tail. Penetration gland nuclei added after 
study of sections. 

. 11. Cercaria absurda, Freehand sketch of body and proximal tail stem region, to show the 
two groups of large spines. 

‘ig. 12. Freehand sketch of body and portion of tail stem as frequently seen in living Cercaria 
bulbocauda under a cover glass. 

. 13. Outline showing body and short region of tail stem of Cercaria bulbocauda, as occasionally 
held. Camera drawing from living material. 

. 14. One of the piercing spines found in connection with penetration gland duct openings of 
Cercaria tuckerensis. Freehand sketch, from living larva. 

. 15. Freehand sketch of excretory vesicle and portion of median caudal excretory tube 
in living Cercaria sanjuanensis. 

. 16. Cercaria tuckerensis. Ventral view showing typical anterior organ with strongly muscular 
posterior portion, pigmented eye spots, anterior and posterior sets of penetration glands, and 
germ cell mass. 

Fig. 17. Cercaria absurda. Proximal tail stem twisted so that body is at right angles to it; core 
of pigmented cells in tail. 

Fig. 18. Cercaria bulbocauda. Freehand sketch of largest living individual studied. Anterior 
organ, alimentary canal, ventral sucker and germ cell mass of body shown; also setae and 
spines on tail. Cells in bulb of tail added from permanent slides. 


KEY TO ABBREVIATIONS USED. 


a, anterior set of penetration glands; e, oesophagus; eo, excretory opening in furca; g, germ cell 
mass; p, posterior set of penetration glands; x (see description of Cercaria bulbocauda). 


(MS. received for publication 11. x1. 1926.—Ed.) 
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4 NEW SPECIES OF THE GENUS DERMACENTOR 
(IXODIDAE). 


By N. 0. OLENEV. 
(Leningrad.) 
(With Plate V and 1 Text-figure.) 


Wuite working on the collection of [xodoidea of the Zoological Museum of 
the Russian Academy of Science, I discovered a new species of Dermacentor 
from Turkestan. I name it after Prof. E. N. Pavlovsky at whose suggestion 
I began the study of ticks. 


Dermacentor pavlovskyi n. sp. 

Male. Body oval, narrowing anteriorly, 3-5 x 1-1-2-5mm. (without 
capitulum), colour brownish-red. Scutum slightly convex; posterior margin 
of pseudo-scutum conspicuous as a whitish band; the whole scutum white 
except the grooves, punctations, and numerous separate punctate spots. Of 
these there are one pair on the frontal, three small pairs on the median and 
three elongate pairs on the posterior part of the scutum; cervical grooves bent 
outwards, beginning as deep lunules; marginal grooves deep, beginning at 
the level of the third pair of legs and reaching the marginal festoons; posteriorly 
on scutum, midway between the elongate lateral spots, there is a depression. 
Outer festoons broader than the inner; all with central whitish markings. 
Punctation of two kinds, both with short hairs, a few coarse, scattered puncta- 
tions and numerous fine punctations distributed over the whole surface of the 
scutum. Eyes ona level with coxae II. Venter hairy with scattered punctation. 
Genital orifice on a level with coxae I]; genital grooves almost parallel as 
far as coxae IV, then sharply diverging; a long median groove runs backward 
from the anal groove toward the median festoon. Spiracles with narrow well- 
developed tails, more finely punctate near the tail. Capitulum 0-75 mm. long, 
hairy; whitish markings partly cover the palps and basis. Cornua tapering 
to large spines. Hypostome dentition 3 | 3. Palps twice as long as the hypo- 
stome; article 1 small, short; articles 2 and 3 well-developed; all hairy on 
their inner ventral side; article 2 bears a small spine postero-dorsally ; article 3 
triangular dorsally, with a small recurved ventral tooth; article 4 small, 
cylindrical. Legs ornate dorsally and well furnished with bristles; coxa I with 
moderately long, close-set, parallel spurs, the outer the more slender; coxae II 
and III slightly pointed at the internal angle, and with a sharp external spur. 
External spur of the enlarged and rounded coxa IV very small and sharp. 
Legs U1-IV having their penultimate and anti-penultimate articles furnished with 
stout ventral spurs (see Text-Fig. 1). 
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Female. Body elongate oval; 3-5 « 1-3-2-1 mm.; colour brownish-red; 
capitulum and legs lighter. Scutwm oval, of a rich whitish colour, except 
punctations, grooves and small median spots; cervical grooves forming deep 
lunules anteriorly ; coarse and fine punctations as in the male. Eyes somewhat 
in front of the middle lateral border. Venter punctate and covered with short 
hairs; genital orifice on a level with the interspace between coxae II and IIT; 
genital grooves almost parallel anteriorly, diverging behind coxae IV, ending 
in front of the first festoons. Spiracles with a narrow well-developed tail, 
more finely punctate near the tail. Capitulum 0-75 mm. long, hairy, and with 


Ly 
Text-figure 1. Dermacentor pavlovskyi n. sp. 3 Legs I-IV. 


feebly developed whitish markings dorsally; cornua forming small tubercles; 
porose areas sub-circular. Hypostome dentition 3 | 3. Palps twice as long as 
wide; article 1 small; articles 2 and 3 well developed; article 2 bearing postero- 
dorsally a small short spine; article 4 small, cylindrical. Legs ornate dorsally. 
Coxa I as in the 3; coxae II and III with slight internal and external spurs; 
a single slight spur on coxa [V. Spurs, as in the 3, beneath the distal articles 
of legs II-IV. 

Described from 2 3 and 1 taken by Capt. Trizna from the head of Avis 
nigrimontana Severtz, at Akkinil in the Province of Syr-Darja, Turkestan, on 
January 31, 1910 (Museum No. 43-1910). 


Acknowledgements. I am indebted to the following gentlemen for assistance. 
To V. V. Redikorsev for aid rendered in the course of my studies on ticks. To 
Prof. Nuttall and Mr Warburton for revising my MS. for press, and kindly 
providing the photographs of the types sent to them for examination. 


EXPLANATION OF PLATE V. 


Dermacentor pavlovskyi n. sp. 
Fig. 1. Male in dorsal aspect. Fig. 2. Female in dorsal aspect. 


(MS. received for publication 15. 1x. 1926.—Ed.) 
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ON CREPIDOSTOMUM FARIONIS O. F. MULL. 

(= STEPHANOPHIALA LAUREATA ZEDER), 

A DISTOME PARASITE OF THE TROUT AND 
GRAYLING. 


I. THE LIFE HISTORY. 


By F. J. BROWN, M.Sc. (Birm.). 
. Assistant Lecturer in Zoology, Leeds University. 


(With Plates VI and VIL.) 
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I. INTRODUCTION 


Our knowledge of the Trematode parasites of freshwater fishes is due mainly 
to continental workers, a number of whom have contributed to the de- 
scription of Crepidostomum farionis (O. F. Miill). I do not intend to discuss 
the nature and value of these contributions as this has been done adequately 
by Nicoll (1909), who also gave a detailed and full account of the worm under 
the name Stephanophiala laureata (Zeder). 

This trematode is a common parasite of the trout and grayling of some of 
the Yorkshire rivers, and I am indebted to two Leeds anglers, Mr J. H. R. 
Bazley and Mr W. H. Grassham who have kindly kept me supplied with fish 
so that I have been able to examine some forty trout and fifty grayling taken 
from the Rivers Wharfe and Yore. Previous workers, Olsson (1876) and 
Nicoll (1909) record the parasite as occurring in the intestine of the trout, 
though Olsson states that it occurs in the rectum and stomach of the trout and 
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the pyloric caeca of the grayling. I have found it in the intestines and pyloric 
caeca of both fish, but my best specimens have been obtained from the gall 
bladder of the grayling, where the usual number of worms is from four to six. 
I have also found it less frequently in the gall bladder of the trout. The 
number of worms found in each fish is variable, ranging from three to twenty- 
three in the intestine and from one to six in the gall bladder. Every trout that 
I have examined so far from the Wharfe has been infected and 85 per cent. of 
the grayling from the Wharfe and Yore. 


II. DESCRIPTION OF CREPIDOSTOMUM FARIONIS. 
(Plate VII, fig. 12.) 


For a full and detailed account of this worm (with the exception of the ex- 
cretory system) I must refer my readers to Nicoll’s account (1909), as I intend 
to limit my description to those details which it is necessary to consider with 
reference to the life history. Crepidostomum farionis is a medium-sized elongate 
oval disgome, 3 to 5 mm. in length, and tapering slightly at both ends. There 
is a diversity of opinion with regard to the colour, Olsson (1876) stating that 
it is white, and Nicoll, from an examination of a few specimens, that it is “of 
a pale but distinctly reddish colour.”’ All my specimens were white, save for 
a light brown colour due to the eggs in the uterus in the region of the ventral 
sucker. On the dorsal surface of the anterior region of the body is a consider- 
able number of scattered pigment granules. The part of the worm anterior 
to the ventral sucker is considerably more mobile than the rest of the body. 
The suckers are well developed and muscular, the oral one being sub-terminal, 
and the ventral sucker, which is larger than the oral, is situated well within 
the anterior half of the body. The size ratio of the oral to the ventral sucker 
is approximately 1: 1-5. The oral sucker is characterised by the presence of 
six circum-oral papillae, four of which are dorsal and two ventral, and are 
outgrowths of the muscle tissue of this organ. Pear-shaped cutaneous glands 
are present in the anterior region of the body only. The alimentary system is 
simple, consisting of a very small prepharynx, muscular pharynx, and an 
oesophagus which bifurcates a short distance in front of the ventral sucker, 
the intestinal caeca extending almost to the posterior end of the body. 

The genital system is typical of the distomes—the testes, smaller in size 
than the ventral sucker, are situated directly behind each other in the middle 
line of the body. They are almost spherical, their outlines being slightly 
irregular and they lie close to each other between the ventral sucker and the 
posterior extremity of the body, but nearer to the ventral sucker. A vas 
deferens arising from each testis leads into a cirrus pouch, a vesicula seminalis, 
prostatic glands and ductus ejaculatoris being present. The external opening 
is situated to one side of the oesophagus near its junction with the pharynx. 
The almost spherical ovary is situated just behind the ventral sucker and 
usually lies slightly to one side of the middle line and some distance in front 
of the anterior testis. A receptaculum seminis and Laurer’s canal are present. 
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The shell gland lies under the dorsal surface of the body and consists of a large 
number of small closely aggregated cells, composing a fairly distinct body. 
The common vitelline duct joins the oviduct near the entrance of the duct 
from the receptaculum seminis. The yolk reservoir is median and lies just 
behind the sheil gland. The vitellaria consist of two lateral groups of follicles 
extending continuously from the level of the pharynx to the posterior end of 
the body. They extend inwards towards the middle line behind the testis and 
fill up the posterior part of the body. 

The slightly convoluted uterus lies in the region between the posterior 
border of the ventral sucker and the anterior border of the foremost testis, 
and is confined laterally by the intestinal caeca. The terminal portion of the 
uterus runs forward on the right side of the cirrus pouch and leads into the 
vagina at the level of the posterior end of the pouch. The vagina runs forward 
and opens very close to the male genital opening and on the right side of it. 

The excretory system is not fully described by Nicoll. He only mentions 
the excretory vesicle which “consists of a single undivided sac lying just under 
the dorsal surface of the body and extending as far forwards as the anterior 
border of the anterior testis where it divides into two much narrower tubules 
running forwards to the level of the oral sucker. ..the excretory pore is not 
quite terminal but is displaced very slightly dorsally.”” The main outline of 
the excretory system consists of anterior lateral ducts which join, slightly 
anterior to the ventral sucker, and two posterior lateral ducts arising on each 
side near the posterior end, the combined ducts running inwards posterior to 
the ventral sucker and entering the single tube-shaped excretory vesicle. So 
far, chiefly owing to the density of the worm, I have been unable to unravel 
the finer details of the flame cells and their connecting tubules. 

The uterus is comparatively short and the eggs are not numerous. They 
are oval in shape, the shell being of a light yellowish brown colour, and measure 
approximately 0-075 mm. x 0-042 mm. 


Ill. THE LIFE HISTORY 


The following account consists of a description of certain larval stages 
which I consider to be those of Crepidostomum farionis. The larval stages are 
presented in their natural sequence in order to show their inter-relationships 
and also the gradual assumption of adult characters in the later stages. The 
first intermediate hosts of the cercaria are the freshwater lamellibranchs 
Pisidium amnicum (Miill.) and Sphaerium corneum (L.), but usually the former 
mollusc. The cercaria, which is a new species, develops in rediae which are 
attached to the gills of the intermediate hosts. There are two generations of 
rediae, the parent form giving rise to daughter rediae which in turn produce 
cercariae. There is no sporocyst stage. The youngest redia obtained measured 
0-33 mm. 0-075 mm. 


: | 

f 

( 
I 

I 

J 

a 

t 

t 

r 

is 

0 

re 
a 

a 


F. J. Brown rate) 


1. THe RepIAr. 


These rediae (Pl. VI, fig. 1) differ from typical distome forms, in that, at 
no period of their existence do they develop ambulatory processes. They are 
colourless, elongate, cylindrical bodies, tapering slightly at both ends, and 
provided at the anterior end with a small sucker-like pharynx. This leads into 
a very small insignificant sac-like intestine, and the absence at any time of 
material within its walls suggests that it is functionless, and that the pharynx 
is solely a “holding organ.”’ It would be almost correct to say that the intes- 
tine is absent. As the rediae develop, the contained “germ balls,” instead of 
giving rise to cercariae, develop into daughter rediae, similar in all respects to 
the parent redia. These daughter rediae in their turn produce cercariae. 
The parent redia possesses a well-defined bilaterally symmetrical excretory 
system (Fig. 2). On each side of the redia, a long posterior lateral duct, and 
a shorter anterior lateral duct (both considerably convoluted) lead into an 
oval excretory vesicle situated within the anterior third of the body of the 
redia. The anterior lateral duct receives tubules from two groups of flame 
cells, one group of two comparatively large flame cells near the pharynx, and 
the other of three flame cells situated lateral to the excretory vesicle. The 
posterior lateral duct receives tubules from eight flame cells, apparently not 
arranged in definite groups. There are then 13 flame cells on each side of the 
body—26 altogether, arranged in the following order 2 [(2 + 3) + (8)|. As 
the parent rediae develop, the contained daughter rediae tend to obscure the 
finer details of the excretory system, and though I am inclined to think that 
the number of flame cells increase, so far I have been unable to confirm my 
belief. The flame cell formula given above applies to rediae of approximately 
0-7 mm. in length. The main outline of the excretory system of the daughter 
redia containing developing cercariae is the same as that of the parent redia, 
but here again the cercariae obscure the finer details. 

By removing one valve of an infected mollusc (at certain periods of the 
year) the rediae containing cercariae may be seen attached to the gills of the 
host, and at first sight, or even under the lower powers of the binocular micro- 
scope, they resemble sausage-shaped sporocysts (PI. VI, fig. 3). The attenuated 
anterior end with its pharynx, so easily seen in most distome rediae, appears 
to be absent. A more detailed examination, however, reveals at one end of 
the apparent sporocyst a small protuberance carrying the tiny pharynx. The 
rediae vary considerably in size, but in a fully developed stage, 2-0 mm.-—2-5 mm. 
in length and 0-24 mm.-0-3 mm. in breadth, the diameter of the pharynx 
is only 0-06 mm., that is about one-fortieth of the length of the redia. In 
small rediae measuring 0-33 mm. x 0-075 mm. the diameter of the pharynx is 
0-042 mm. and it apparently attains its maximum diameter of 0-063 mm. in 
rediae measuring 0-65 x 0-15 mm., so that further growth of the redia is not 
accompanied by an increased relative growth of the pharynx. Near the latter, 
and laterally placed, is a small birth pore by means of which the cercariae escape. 
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2. THe CERCARIA sp. 

The cercaria (Pl. V1, fig. 4) which is extremely active and almost trans- 
parent leaves its host and swims by means of vigorous rapid S-shaped move- 
ments of the long slender tail. The body, which is elongate oval, varies slightly 
in size, according to the amount of extension or contraction, from 

0-40 mm.—0-52 mm. x 0-21 mm.—0-16 mm. 

The tail, which is approximately equal in length to the body, measures 
0-45 mm. x 0-06 mm. The most distinctive feature of the cercaria is the 
presence of two round “eye spots” situated on the dorsal surface on a level 
with the pharynx and on either side of it. They are purplish black in colour 
and are composed of numerous tiny pigment granules. The cercaria is posi- 
tively phototropic in sunlight or artificial light. The round oral and ventral 
suckers are situated on the ventral surface of the anterior two-thirds of the 
body, the oral sucker being sub-terminal and the ventral one with its anterior 
border slightly in front of the middle of the body. The suckers are equal in 
size, their diameter 0-063 mm. The oral sucker leads into a comparatively long 
prepharynx (0-063 mm. long) followed by a small pharynx (diameter 0-025 mm.) 
and a short oesophagus which bifurcates anterior to the ventral sucker, 
the intestinal caeca extending almost to the posterior end of the body. The 
alimentary canal is not clearly defined in all cercariae, as in many cases the 
intestinal caeca end just beyond the ventral sucker. Dorsal to the oral sucker 
lies a spear-shaped “‘stylet”’ or boring spine. Gland cells (salivary) lie in two 
groups of three cells each anterior and lateral to the ventral sucker. The cells 
themselves very often appear to be three or even four-lobed, but possess only 
one nucleus. The ducts arising from the gland cells pass forwards and open 
by means of pores at the extreme tip of the oral sucker on.either side of the 
“stylet.” On each side the ducts from the two outer cells run forwards to- 
gether and pass in the outer edge of the “eye spots” to the oral suckers, 
whilst the remaining single ducts from the inner gland cells pass forwards on 
the inner side of the “eye spots.” Scattered loosely throughout the body are 
several finely granular small round cells varying in number from 48 to 68, 
and more or less symmetrically arranged, and which appear to be cystogenous 
gland cells. 

The excretory system (Pl. VI, fig. 5) comprises anterior and posterior 
lateral ducts which unite slightly anterior to the ventral sucker to form two 
main, highly convoluted collecting canals, each of which runs inwards, pos- 
terior to the ventral sucker, to enter a long median dorsal tube-shaped excre- 
tory vesicle, which continues to the posterior end of the body, where it opens 
by means of a terminal excretory pore. The anterior lateral duct receives 
tubules from six flame cells arranged in two groups, one of two cells near the 
postero-lateral border of the oral sucker and the other of four cells in the 
region anterior to the ventral sucker. The posterior lateral duct receives flame 
cells from four groups, the first situated near the ventral sucker and con- 
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sisting of four cells, the remaining three groups consisting of three cells each, 
distributed in the posterior region of the body. The flame cell formula is 
2[(2 + 4) + (4 + 34+ 3+ 3)]-—38 flame cells altogether. 

The genital system is represented by a group of cells lying behind the 
ventral sucker and extending forwards on one side of the sucker almost to its 
anterior border. 


3. THE Cyst. 
(Pl. VI, figs. 6 and 7.) 


The presence of a “stylet” or boring spine in the cercaria indicates that 
it will enter a second intermediate host in order to encyst. In the larva of the 
mayfly Ephemera danica (Miill.) I have found cysts which appear to be the 
encysted stage of this cercaria. These cysts, which are usually pear-shaped, 
vary slightly in size from 0-264 mm. x 0-308 mm. to 0-40 mm. x 0-48 mm., and 
are usually found in the fat bodies of the larva, though they occur occasionally 
in the muscle tissue. The cysts also vary in colour from a light to a dark shade 
of brown, which makes them easily visible through the translucent chitinous 
exoskeleton of their host. The cercariae, in encysting, appear to favour a 
particular region of the body of the mayfly larva, namely the ventral surface 
near the bases of the second to fifth (inclusive) pairs of gills. Occasionally they 
may encyst in other regions of the body. The number of cysts in an individual 
larva varies between one and twenty-six, the most usual numbers being 
between seven and nine. The presence of these cysts does not interfere with the 
further development of the larvae, since I have been able to rear the imago 
from heavily infected specimens. Incidentally I have also caught infected 
adult mayflies. 

An examination of this brown pear-shaped cyst reveals that it is not the 
true cyst secreted by the cercaria, since it contains another smaller spherical 
cyst in which lies the cerearia. This is obviously the true cyst, and it would 
seem that the outer cyst is secreted by the mayfly, possibly by the fat body. 
At present this is only a conjecture but I hope to deal with the nature and 
origin of the outer cyst in a later paper. In one larva, however, I discovered 
two true cysts in the muscle tissue, without this apparently secondary pig- 
mented cyst. The diameter of the cysts secreted by the cercaria also vary 
slightly—from 0-19 mm. to 0-28 mm. but the majority have a diameter of 
0-25 mm. 

In the true cyst (Fig. 7) the cercaria may be seen doubled up, so that the 
ventral surface of the anterior half of the body is opposed to the ventral 
posterior part, the tip of the oral sucker touching the posterior extremity. 
The eye spots which are exactly the same size as in the free cercaria are con- 
spicuous, as is also the excretory vesicle now considerably enlarged and filled 
with small spherical granules of slightly varying sizes. A marked change 
however may be seen in the oral sucker, which nédw carries six circum-oral 
papillate processes. There is also no sign whatever of the “stylet” of the 
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cercaria. This is unusual, since in other cases of the encystment of “stylet” 
cercariae (Brown, 1926) the stylet is shed after encystment and lies free within 
the cyst. It may be that in this case the stylet is shed before encystment, 
for it is apparently useless to the cercaria once it has entered the tissues of its 
second intermediate host. 


4. THe Excystep Larva. 


The larval trematode (Pl. VII, figs. 8 and 9) freed from its cyst now shows 
unmistakable signs of its relationship to Crepidostomum farionis. It is elongate 
oval in shape measuring 0-40 mm.-0-65 mm. 0-13 mm.-0-24 mm. The 
anterior end of the body is attenuated and considerably more mobile than the 
rest of the body. The “eye spots” have lost, in some cases, their round shape, 
and the pigment granules are beginning to be scattered over the anterior 
dorsal region of the body. The suckers are still approximately equal 
in size and vary from 0-082 mm. to 0-115 mm. in diameter. Round the 
oral sucker is a circum-oral collar from which arises six papillae, four dorsal 
and two ventral. The pharynx lies just behind the oral sucker, the prepharynx 
having almost disappeared. The oesophagus is long, usually slightly curved 
like the lower half of the letter S, and possesses a very narrow lumen. The 
bifurcation occurs anterior to the ventral sucker and the intestinal caeca 
extend almost to the posterior end of the body. The gland cells of the cercaria 
have increased in number to 12 on each side of the anterior region of the body, 
but the distribution of the ducts in this region is similar to that of the cercaria. 
The dominant feature of the worm is the excretory vesicle, now considerably 
distended and full of numerous clear spherical granules of varying sizes. The 
vesicle now appears to be somewhat conical in shape with the base of the cone 
near the ventral sucker and the apex at the posterior extremity of the body. 
The excretory pore is terminal. By pressing out the granules filling the vesicle, 
it assumes the tube-like shape of the cercaria and it is possible to see the main 
outlines of the excretory system. This consists, as in the cercaria, of anterior 
and posterior lateral ducts uniting near the ventral sucker to form two much 
convoluted collecting canals which pass inwards behind the ventral sucker to 
enter the excretory vesicle. On account of the density of the worm it is very 
difficult to make out the finer details of this system, but it is possible to trace 
the groups of flame cells. In all there are six groups as in the cercaria, two on 
the anterior lateral duct and four on the posterior lateral duct. There are still 
only two flame cells near the oral sucker, and although parts of other ducts 
are visible I have only been able to make out two flame cells in each of the 
other groups. The genital system shows signs of considerable development. 
The male system consists of two rounded testes lying directly behind each 
other, approximately midway between the ventral sucker and the posterior 
end of the body. A vas deferens arises from each and passes forwards to the 
level of the ventral sucker where they enter the rudimentary cirrus pouch, 
the anterior tip of which is either slightly anterior to, or on a level with the 
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intestine fork. The ovary lies just behind the ventral sucker, a little to one 
side of the middle line, and usually on the same side of the body as the cirrus 
pouch. A short oviduct leads from the ovary into a mass of cells, so far un- 
differentiated, but which will eventually give rise to the other organs of the 
female genital system. The uterus arises from this mass of cells and passes 
forwards to the tip of the cirrus pouch. The vitellaria are still very little 
developed. 

5, IMMATURE STAGE FROM THE FINAL Host. 

(Pl. VII, fig. 11.) 

This stage, the earliest yet obtained which shows a greater advance in 
structure than the excysted form, was obtained from the pyloric caecim of a 
trout. In general shape and external features it agrees closely with the 
excysted larva, except with regard to the “‘eye spots” the pigment granules 
of which are now scattered over the dorsal anterior region of the body. The 
granules still retain however their slightly lateral position. The worm measures, 
in a moderate state of extension, 0-79 mm x 0-31 mm. The oral sucker has 
a diameter of 0-14 mm. whilst the now larger ventral sucker, situated within 
the anterior half of the body, is 0-19 mm. in diameter. The six circum-oral 
papillae are well developed and consist of two ventral and four dorsal out- 
growths of the sucker, as in the excysted and the adult worm. Pear-shaped 
salivary glands are present in the anterior part of the body, lying slightly 
posterior and lateral to the pharynx, with their ducts leading to and opening 
on the anterior tip of the mouth opening. The pharynx has increased in size, 
and in diameter is now approximately half that of the oral sucker. The 
oesophagus which is slightly curved and relatively short bifurcates anterior to 
the ventral sucker, the intestinal caeca extending almost to the posterior end 
of the body. The excretory system shows the same general foundation as in 
the excysted form and the adult; that is, it comprises paired anterior and 
posterior lateral ducts uniting near the ventral sucker to form two main ducts, 
which pass inwards behind the ventral sucker, where they enter the long tube- 
shaped excretory vesicle. The excretory pore is terminal and slightly dorsal. 
The groups of flame cells appear to be the same as in the excysted larva (PI. 
VII, fig. 10) though, on account of the size of the ventral sucker and the density 
of the worm in this region, | cannot be quite*certain about the second and 
third flame cell groups. As soon as [ can obtain several early immature stages 
I hope to be able to settle this point. 

The genital system shows further development. The testes have increased 
in size and the cirrus pouch has now acquired a more anterior position; it lies 
in front of the ventral sucker, to one side of the oesophagus, and the tip of 
the pouch is just behind the pharynx and a little to one side of the oesophagus. 
The ovary lies just behind the ventral sucker to one side of the middle line 
and on the same side of the body as the cirrus pouch. The oviduct leads from 
the ovary into a still undifferentiated mass of cells, comprising the rudiments 
of the remaining genital organs. The uterus arises from this mass of cells 
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and passes forwards to the tip of the cirrus pouch. The vitellaria have now 
started to develop and extend along the sides of the body from a point slightly 
anterior to the ventral sucker to the posterior end of the body, appearing to 
meet behind the posterior testis. They also extend inwards, but do not meet, 
between the two testes. The vitelline ducts arise slightly posterior to the 
ovary and the “genital rudiment,” and pass inwards to the middle line, where 
they join, and where they are also connected by a strand of cells to “genital 
rudiment.” The position and extent of the vitellaria correspond to those of 
the adult. The male organs apparently develop and function (as can be seen 
better in later stages) before the female genital organs function and indeed 
before they are completely developed. 

It will be seen that this immature stage shows an advance on the structure 
of the excysted worm and is now assuming the specific characters of the adult; 
at the same time, the disposition of the organs agrees closely with that of the 
excysted larva. 


IV. DISCUSSION 


In attenpting to establish the life histories of trematodes, one has the 
choice of several methods of attack, but, for the most part, this history is 
based on the similarity of organisation of the forms described, namely, the 
adult, immature, and encysted worms and the cercaria. The characters which 
afford sound clues to the life history are obviously those which are apparent 
in all stages, but it is only in rare cases that many such characters occur, and 
it is necessary usually to make use of those which are shared by two successive 
stages. The adult in this case, however, possesses two distinctive features 
which are shared by very few trematodes, namely the six circum-oral papillae 
and the pigmentation of the anterior region of the body. The latter is dis- 
tinctive only in a lesser degree, but both peculiarities are shared so far by only 
one other European trematode—Bunodera lucioperca (O. F. Miill.), which is 
also a parasite of freshwater fish. Here the similarity ends. The most marked 
difference between these two forms is the shape and extent of the uterus, 
which in Bunodera lucioperca is sac-like and extends from the ventral sucker 
to the posterior end of the body, and which contrasts strongly with the com- 
paratively short tube-like and little-coiled uterus of the form with which we 
are dealing. In Crepidostomum farionis it is confined to the region between 
the ventral sucker and the anterior testes. The disposition of the testes and 
ovary also show a distinct difference. Those of Bunodera are situated obliquely 
one behind the other and the ovary is median, whilst in Crepidostomum the 
testes are directly behind each other and the ovary is situated to one side of 
the middle line of the body. Although the shape of the excretory vesicle is 
similar in both cases, in extent it is different. In the one form it extends 
forwards as far as the anterior edge of the anterior testis whilst in Bunodera 
lucioperca the vesicle does not extend as far as the posterior edge of the 
hinder testis. There are other differences of some importance, but those 
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already named are sufficient to show that none of the stages described in this 
life history show any real resemblance to Bunodera lucioperca. 

The only characters which appear in all stages of the life history of Crepv- 
dostomum farionis are the pigment granules, the gland cells and the excretory 
system. In the adult and to some extent in the encysted worm the granules 
are scattered, or partly scattered, on the dorsal surface of the anterior region 
of the body, whilst again to some extent in the encysted worm and certainly 
in the cercaria they are grouped closely together. The encysted stage, there- 
fore, represents an intermediate stage between the cercaria and the adult. 
The gland cells (salivary), the exact number of which is unknown in the adult, 
are present in the cercaria, the encysted form, and also in immature worms 
obtained from the final host. In the cercaria there are six gland cells, and the 
ducts from these pass on either side of the ‘eye spots.” Although the number 
of the gland cells has increased to 24 in the encysted and immature forms, 
the disposition of the cells and ducts may be correlated with these features 
in the cercaria. The circum-oral papillae, though absent in the cercaria, are 
present in both the encysted form and the adult. On account of the rudi- 
mentary state of the genital system in the cercaria, a strict comparison of its 
features is out of the question, but it is possible to compare and correlate 
these organs in the encysted form and the adult. One of the most important 
systems, and one which is invaluable in a life history study, is the excretory 
system. Looss (1894) suggests that the fundamental larval system is the 
fundamental system of the adult, and Faust (1919) summarises his work on 
the excretory systems of cercariae with the following statement:—‘The 
number and distribution of groups of flame cells is the fundamental basis of 
the structure of the excretory system of the distomes. The number of flame 
cells in each group and the total number of flame cells are of secondary im- 
portance.” In this life history the main outlines of the excretory system are 
the same in the cercaria, the encysted worm and the adult. So far I have not 
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been able to work out the groups in the adult, but in the cercaria and the 
encysted worm they are identical, i.e. in each form the number of groups 
2 x 6. This similarity of organisation, which I have attempted to show in 
tabular form (see p. 95)—including a comparison with Bunodera lucioperca 
—is sufficient, I think, to establish the life history of Crepidostomum farionis, 


V. NOTE ON CLASSIFICATION 


Crepidostomum farionis was placed in the genus Crepidostomum by Braun 
(1900), who gave as the type Crepidostomum moeticus (Braun) from bats. 
The chief differences existing between these two species are: the circum-oral 
collar and the number of papillae, the extent of the uterus, the position of 
the genital aperture and the length and nature of the cirrus pouch. These 
differences were discussed by Nicoll (1909) who, believing them to be of more 
than specific importance, created a new genus Stephanophiala for Crepido- 
stomum farionis. At that time also Crepidostomum was included with the genus 
Bunodera in the sub-family Bunoderinae Lss., an arrangement retained by 
Luhe (1909). It was pointed out by Nicoll that here again several discrepancies 
existed in the classification, and that the great differences between the two 
genera were sufficient to justify their separation. This necessitated the forma- 
tion of a new sub-family, provisionally named Stephanophialinae to accom- 
modate the genus Stephanophiala (Nicoll). After having expressed a doubt 
regarding the close relationship of the new sub-family to Bunoderinae, he 
concluded the discussion with the following remark :—‘‘ Most indications seem 
to point to a further separation of these two sub-families and a nearer approxi- 
mation of the Stephanophialinae to the Allocreadiinae.”’ I intend to discuss 
the significance of this statement in a later paper. 


VI. BIONOMICS 


The presence of Crepidostomum farionis in the trout and grayling is natur- 
ally dependent on the distribution and habits of the larval forms of this 
distome and their respective intermediate hosts. Simce all the trout so far 
obtained from the River Wharfe have been infected and 84 per cent. of the 
grayling, one may infer that the intermediate hosts will be fairly common. 
The fish have been obtained from various points on the river, the total stretch 
from which they were obtained representing approximately three-quarters 
of the length of the river. Both fish are migratory forms particularly during 
the breeding season. 

The first intermediate hosts Pisidium amnicum and Sphaerium corneum 
are found in regions of the river where there is an accumulation of sand and 
mud. They are usually found together. I have obtained both molluscs in 
abundance above the weirs, of which there are several in the river. Sphaertum 
corneum is unusual as an intermediate host, for I have only found it para- 
sitised on three occasions. The percentage of infection of Pisidium amnicum 
is not great, varying between 3 and 10 per cent. in adult specimens. The young 
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forms are not parasitised. The occurrence of the various parthenogenetic 
generations of the worm is interesting and suggests a periodicity in the de- 
velopment and subsequent swarming of the cercariae. Towards the end of 
April, the whole of May and the early part of June every infected mollusc 
contains almost only well-developed daughter rediae, full of developing cer- 
cariae. The cercariae swarm abundantly during these months. The number 
of parent rediae containing daughter rediae is relatively very small. After 
June, and during July, August and September the majority of infected mol- 
luses contain parent rediae, with comparatively few daughter rediae containing 
developing cercariae. However, the cercariae continue to swarm throughout 
these months, in gradually decreasing numbers until October. Infected 
molluscs collected between October and the following April contain both 
parent rediae with developing daughter rediae, and daughter rediae with 
developing cercariae, but the cercariae do not appear to swarm during this 
period. 

Although the cercariae are positively phototropic in sunlight and artificial 
light, swarming occurs sometime during the night. This fact may have some 
bearing on the movements of the second intermediate host, the larva of the 
mayfly in which the cercaria encysts. I have found this larva in regions 
similar to those of the molluscan intermediate hosts, and Mr Percival, who has 
been making a detailed study of Ephemera danica, tells me that sand is an 
essential part of the habitat of the larva, and that he is shortly publishing an 
account (1926) of its habit and habitat. This mayfly emerges in June, a fact 
which can I think be correlated with the maximum production of cercariae 
in April and May. Secondly, the movements of the mayfly nymphs prior to 
emergence, and the emergence of the adult, may also be correlated with the 
presence of Crepidostomum farionis in the trout. Nicoll (1909) in April 1907 
found immature specimens only in two small trout obtained from a stream 
running into the River Tay. He obtained his mature specimens in June 1909, 
and states that Olsson found the parasite from April to August, and Linton 
in July and August. He also remarks that the occurrence in April of immature 
specimens only is suggestive. All my specimens from the trout have been 
obtained between April and September. I have not been able to examine 
trout between October and March of the following year since this is the close 
season. However, in trout obtained between April 5th and July 11th, 1926, 
apart from adults in the intestine, I found a considerable number of immature 
specimens in the pyloric caeca and in one specimen 12 immature worms in 
the gall bladder. On May 22nd, 1926, five trout were examined and all con- 
tained the larvae of Ephemera danica in their stomachs, immature worms in 
the pyloric caeca and mature worms in the intestine. On the other hand, I 
have examined grayling in November and found a similar state of affairs— 
mayfly larvae in the stomachs, immature worms in the pyloric caeca, and gall 
bladder and mature worms in the intestine. The grayling were obtained when 
the river was in flood, a fact which may have some significance. 
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Although the foregoing observations are highly suggestive it is obvious 


that a great deal more detailed work must be done before one can arrive at. 


definite conclusions. These investigations are being continued in the hope 
that it will be possible to establish definite relationships between the move- 
ments of the hosts and their parasites and also the movements and develop- 
ment of the worms in the final host. 


VII. SUMMARY 


1. Crepidostomum farionis inhabits the gall bladder, as well as the intestine 
and pyloric caeca, of the trout and grayling. 

2. The life history of Crepidostomum farionis has been worked out and is 
based on the similarity of organisation of the cercaria, encysted larval trema- 
tode and the adult. 

3. The first intermediate hosts in the life history of this trematode are 
Pisidium amnicum (Miill:) and Sphaerium corneum (L.) though the latter is 
unusual. 

4. The second intermediate host is the larva of the mayfly, Ephemera 
danica (Miill.). 

5. There are two generations of rediae, the first gives rise to daughter 
rediae, which in turn produce cercariae. 

6. The rediae are characterised by the absence of ambulatory processes 
and a functional intestine. 

7. The cercaria (n.sp.) possesses “eye spots,” stylet and gland cells 
(salivary?), and the excretory vesicle is tube-shaped. 

8. The excretory system of the redia and the cercaria has been worked 
out in detail. 

9. The relation of the parasites to their respective hosts is discussed. On 
account of the need for further observations definite conclusions are held over 
for a later paper. | 
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EXPLANATION OF PLATES VI AND VII. 
PLATE VI. 
Crepidostomum farionis. 
. Parent redia. 


. Parent redia (slightly flattened), excretory system, length 0-73 mm. 
. Daughter redia with cercariae, length 2-1 mm. 
. Cercaria (n.sp.), length of body 0-51 mm. 
5. Cercaria—excretory system. 
. Cyst from mayfly larva, 0-31 x 0-47 mm. 
. True cyst, diameter 0-25 mm. 


PLATE Vil. 


Crepidostomum farionis. 


. 8. Excysted larval trematode—excretory granules discharged, length 0-47 mm. 
. Excysted larval trematode—typical shape during progression. 
. Excysted larval trematode—excretory system. 
. Immature stage from trout, length 0-79 mm. 
. Crepidostomum farionis—adult. 


KEY TO LETTERING OF PLATES VI AND VII. 


a.Ld. anterior lateral duct, b.p. birth pore, c. cercaria, c.o.p. cireum-oral papillae, c.p. cirrus pouch, 
d.r, daughter redia, e.p. excretory pore, ¢.s. eye spots, e.g. excretory granules, e.v. excretory vesicle, 
f.c. flame cell, g.r. “ genital rudiment,” i.c. intestinal caeca, 0. ovary, od. oviduct, o.s. oral sucker, 
ph. pharynx, p.ph. prepharynx, p.g. pigment granules, p.l.d. posterior lateral duct, s.g. salivary 
glands, st. stylet, t. testes, v.d. vas deferens, v.s. ventral sucker, v. vitellaria, u. uterus, y.d. vitelline 
ducts, r.s. receptaculum seminis, va. vagina. 
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I. 


Nos connaissances sur le cycle chromosomique et la meiose des Grégarines 
conduisent 4 deux interprétations tout a fait opposées, et il est difficile, & 
l'heure actuelle, de décider laquelle est exacte. Il est vraisemblable que l'une 
et autre contiennent une part de vérité, et que, a cet égard, les Grégarines ne 
présentent peut-étre pas une homogénéité compléte. Si lon ne tient pas 
compte de la chronologie de nos connaissances concernant la réduction 
chromatique des Grégarines, on peut classer comme suit les conclusions des 
quelques auteurs qui ont entrepris cette étude. 


INTRODUCTION. 
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(1) La réduction chromatique se produit peu avant la formation des gametes, 
il en résulte que les mitoses somatiques sont diploides. 

Cette maniére de voir a été soutenue par Mulsow (1911). Cet auteur, 
étudiant le cycle de Monocystis rostrata (Mulsow), a observé une division 
réductionnelle des noyaux des gamontes peu avant la formation des gamétes, 
Je nombre diploide étant de huit, le nombre réduit observé étant de quatre. 
Cette division réductrice se fait probablement immédiatement avant la for- 
mation des gamétes, elle se produit sans aucune fissuration des chromosomes 
métaphasigues. 

Ces conclusions ont été vérifiées par Bastin (1919) chez Monocystis agilis. 
Ce dernier auteur retrouve dans cette espéce un passage du nombre diploide (8) 
au nombre haploide (4). La division réductionnelle se ferait un peu avant la 
formation des gamétes. Bastin pense qu’il existe deux divisions méiotiques, la 
premiére étant hétérotypique et la derniére homéotypique. II ne donne 
d’ailleurs pas de preuves décisives de l’existence de ces deux cinéses. 

Ces deux travaux, effectués tous deux sur des espéces du genre Monocystis, 
parasites des vésicules séminales du ver de terre, conduisent 4 la notion d’un 
état somatique diploide. 

Dobell et Jameson (1915) puis plus tard Jameson (1920) critiquent cette 
interprétation. Ils pensent que les deux catégories de cinéses observées par 
ces auteurs sont dues a l’observation simultanée de deux espéces différentes 
de Monocystis. Il est rare, en effet, de rencontrer un ver de terre parasité par 
une seule espéce de Grégarine. Cette critique trés juste au premier abord, ne 
soutient cependant pas l’examen. II est invraisemblable que deux auteurs, 
excellents observateurs, comme Mulsow et Bastin n’aient examiné que des 
kystes jeunes d’une espéce 4 huit chromosomes et des kystes avancés d’une 
espéce & quatre chromosomes. L’absence de fissuration des chromosomes méta- 
phasiques durant la cinése dite réductionnelle est d’autre part un fort argu- 
ment en faveur de leurs conclusions. 

Les travaux de Mulsow et Bastin ne semblent done pas si fragiles que veut 
bien l’'admettre Jameson. Calkins (1926, p. 533) est d’ailleurs assez sceptique 
sur la valeur de la critique formulée par ces deux Protistologues anglais. 
A cété de ces recherches qui portent tous deux sur des espéces du genre 
Monocystis, les observations de Paehler (1904) et Schnitzler (1905) effectuées 
sur Gregarina ovata semblent montrer qu’il existerait dans les gamétes de cette 
espéce une sorte d’expulsion chromatique, comparable 4 |’expulsion des 
globules polaires des ceufs de Métazoaires. Schellack (1912), en réexaminant 
Gregarina ovata, ne retrouve pas exactement les phénoménes décrits par 
Paehler (1904), il constate d’autre part qu’au lieu des quatre chromosomes 


» Somatiques observés par ce dernier il n’y en a en réalité que trois. I] est dés 


lors difficile de comprendre le phénoméne réductionnel tel que l’a décrit 
Paehler. 


Un dernier mode de réduction se rattache directement i ce type. C’est 
celui décrit par Trégouboff (1914) chez Stenophora juli. Trégouboft ne con- 
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state pas de réduction au cours de la formation des microgamétes. Aprés 
Punion des deux gamétes, par contre, le zygote semble expulser une partie de 
sa chromatine soit avant, soit pendant, soit aprés la caryomyxie. L’interpré- 
tation de ces phases semble encore incertaine, et cela d’autant plus que le 
nombre somatique des chromosomes de cette espéce n’est point encore 
connu. 

En résumé: Nos connaissances actuelles sur G. ovata et Stenophora juli 
sont encore trop fragmentaires et imprécises pour que l’on puisse en tirer des 
arguments pour ou contre l'état haploide ou diploide des Grégarines. 

(2) La réduction chromatique se produit directement apres la fécondation. 
Les mitoses somatiques sont alors haploides. 

Le beau travail de Jameson (1920) précédé d’une note préliminaire parue 
en 1915 (Dobell et Jameson) sur le cycle chromosomique de Diplocystis 
schneideri donne une toute autre interprétation des phénoménes réductionnels 
des Grégariniens. 

Chez Diplocystis.schneideri, le nombre somatique des chromosomes est de 
trois. Le synearyon du zygote montre six éléments qui sont dissociés en deux 
groupes de trois par la premiére mitose du zygote. II] en résulte une réduction 
numérique qui suit immédiatement la fécondation. Ce cas serait donc analogue 
a celui des Coccidiens. (Aggregata, Klossia, etc.) Le cycle chromosomique est 
alors du type haploidique et la division réductionnelle constitue ce que l'on 
appelle une zygo-méiose. 

Jameson (1920) cite, d’autre part, une série de faits concernant la con- 
stitution chromosomique des Grégarines qui peuvent certainement étre 
invoqués a l’appui de sa conception. Divers auteurs ont décrit et figuré des 
mitoses somatiques de Grégarines dont le nombre de chromosomes est toujours 
impair. Schellack (1912) observe trois chromosomes chez Gregarina ovata. 
Le méme auteur (1907) constate la présence de cinq chromosomes chez 
Echinomera hispida alors que Léger et Duboscq en observent également cing 
chez Nina gracilis. A cété de ces faits diment exprimés par ces auteurs, 
Jameson cite d’autres cas qui ressortent clairement de l’examen des figures 
de divers mémoires: Cuénot (1901) figure trois chromosomes chez Diplocystis 
major et minor. Ce méme nombre est retrouvé par Duboscq et Léger (1909) 
dans les mitoses somatiques de Gregarina munieri et par Mercier (1912) chez 
Uradiophora cuenoti. 

Il existe donc d’une fagon certaine plusieurs espéces de Grégarines qui 
montrent durant les mitoses somatiques un nombre impair de chromosomes. 
Ce fait est, de toute évidence, incompatible avec l’existence d’un état diploide. 
L’hypothése d’un pseudochromosome d’origine caryosomienne ou nucléolaire 
rendrait compte de cette anomalie, mais reste bien invraisemblable. 

* 
* 

L’étude de ces deux hypothéses conduit donc & deux conceptions incon- 
ciliables sur la réduction chromatique des Grégarines. Peut-étre ces deux 
types se rencontrent-ils tous deux chez les différentes espéces de ce vaste 
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groupe? II serait intéressant, dans ce cas, d’établir la limite de ces deux 
groupes et de savoir, d’autre part, s'il existe des modalités intermédiaires de 
la réduction chromatique. 

Les stades correspondant a la série des phénoménes qui précédent, réalisent 
et suivent la synapsis (phase synaptique), n’ont d’autre part pas été décrits 
chez les Grégarines. Il est cependant infiniment probable qu’ils existent et 
une étude de détail permettra dans ce cas de les découvrir. Les figures de 
Schellack (1912) représentant le zygote de Gregarina ovata-font penser 4 des 
phénoménes de cet ordre. 

Me basant sur ces données, j’ai entrepris l'étude cytologique de l Urospora 
lagidis (de Saint Joseph). Cette espéce, qui parasite le ccelome de la Pectinaire 
(Lagis koreni)', m’a semblé un matériel de choix. Mes recherches échappent 
d’autre part aux critiques formulées par Jameson, puisque cette espéce est 
bien homogéne comme je le montrerai plus loin. 

Je tiens 4 exprimer & mon Maitre et ami Monsieur le Professeur E. Guyénot 
mes bien vifs remerciements pour s’étre non seulement intéressé & mes re- 
cherches, mais en outre pour m’avoir recueilli du matériel 4 Wimereux. 


II. MatTérIEL ET TECHNIQUE. 


Tout le matériel que j’ai utilisé en vue de cette étude provient de la station 
de Pectinaires (Lagis korent) qui habite les sables vaseux du Port en eau pro- 
fonde de Boulogne. Les Pectinaires examinées en juin 1926 étaient presque 
toutes abondamment parasitées par l’Urospora lagidis. Les kystes blancs d’un 
millimétre environ de diamétre ont été prélevés, puis transportés 4 la pipette 
dans le liquide de Duboscq et Brasil. Je n’ai utilisé que ce seul fixateur qui 
m’a toujours donné d’excellents résultats. L’inclusion 4 la paraffine a été 
faite suivant la méthode de Caullery et Chapellier en utilisant le chloroforme 
comme milieu intermédiaire. Les coupes de 6 & 10 d’épaisseur colorées & 
Phématoxyline au fer m’ont donné d’excellentes figures pour l'étude du 
noyau. La coloration des centres cinétiques n’est pas toujours aisée et je 
n’y suis parvenu qu’en utilisant la méthode préconisée par Meves? dans son 
travail sur la maturation et la spermatogénése de |’Abeille. Cette méthode 
consiste & colorer les coupes par I’hématoxyline de Heidenhain aprés mordan- 
gage a l’alun de fer & 3 pour cent. Lorsque les coupes sont différenciées, elles 
sont lavées quelques secondes 4 l’eau distillée, puis replacées pendant plusieurs 
heures dans le colorant. Les coupes sont alors différenciées 4 nouveau, lavées 
rapidement, puis recolorées quelques heures. Cette opération peut étre re- 
commencée jusqu’a cing ou six fois; deux a trois recolorations 4 l’hématoxyline 
suffisent habituellement pour faire apparaitre trés distinctement les centro- 
somes qui se colorent alors en noir. Malheureusement cette méthode a le seul 
inconvénient de donner parfois une coloration des chromosomes légérement 
plus diffuse. Cet inconvénient résulte probablement d’un léger gonflement de 


1 Lagis koreni (Malmgr. 1865) = Pectinaria koreni (Grube 1871). 
2 Meves (1907), Arch. f. Mikr. Anat. Bd. 70. 
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la matiére chromatique di 4 un séjour prolongé dans l’eau. Ce n’est donc 
que par la comparaison des figures obtenues par la méthode ordinaire avec 
celle que l’on observe aprés l’utilisation de la modification de Meves que l’on 
peut se faire une idée exacte de la cinése. 


Ill. EvoLuTion DES GAMONTES. 


L’étude de l Urospora lagidis & Vétat de Grégarine adulte a été fort bien 
faite par Brasil (1904). Je ne reviendrai donc pas sur la description de cette 
forme. Comme I’a justement observé cet auteur, les kystes de cette espéce 
sont d’assez grande taille et entourés de plusieurs assises d’amibocytes, serrés 
les uns contre les autres. C’est ce revétement réactionnel fourni par l’héte 
qui réunit les kystes entre eux formant ainsi de véritables grappes de parasites 
souvent fixées sur les organes péritonéaux, en particulier sur le revétement 
endothélial de la partie antérieure du tube digestif. Je n’ai constaté que dans 
des cas tout & fait exceptionnels des enkystements solitaires comme les ont 
décrits divers auteurs, en particulier Schellack. Les kystes jeunes sont les 
plus rares, ils ne sont pas encore entourés d’un revétement d’amibocytes 
comme les autres kystes plus agés, ce qui explique qu’ils sont habituellement 
libres 4 l’intérieur du ccelome de l’héte. La rareté extréme des kystes jeunes 
rend |’étude des premiéres phases de la syzygie extrémement difficile, le fait 
qu ils sont libres accroit encore ces difficultés car ils peuvent facilement étre 
perdus au cours des manipulations de la fixation. A ce point de vue la méthode 
de Caullery et Chapellier (voir Langeron, Précis de Microscopie, 1925, p. 362) 
est particuliérement précieuse. 

L’étude de l’évolution nucléaire des syzygites, sur laquelle s’est portée 
tout d’abord mon attention, m’a montré que l’on peut distinguer au cours des 
nombreuses cinéses qui précédent la formation des éléments sexuels quatre 
périodes successives de l’activité cinétique des gamontes, caractérisées chacune 
par un type cinétique dominant. L’Urospora lagidis ne se prétant pas 4 une 
numération des noyaux d’un kyste tout entier, ceux-ci étant beaucoup trop 
nombreux, je ne puis apporter dans ce domaine des précisions comparables 
celles que donne Bastin dans son étude sur Monocystis agilis. Je crois cepen- 
dant que l’Urospora lagidis se préte mieux & l'étude des divisions méiotiques 
vu le petit nombre de chromosomes que présentent les noyaux de cette espéce. 
J’étudierai successivement les quatre périodes de I’activité mitotique des 
gamontes. 


Premiere période mitotique des gamontes. (Fig. 1.) 


Pas plus que Brasil (1904 6) je n’ai eu la chance de rencontrer des figures 
montrant la premiére division du noyau de chaque gamonte ou syzygite. 
Toutes mes observations faites durant la premiére période de |’évolution 
nucléaire des gamontes portent sur des Grégarines enkystées deux & deux et qui 
présentaient chacune de 10 & 25 noyaux au repos ou en cinése. Brasil décrit 
comme suit les premiéres cinéses de la gamétogonie d’Urospora lagidis: 
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“Chez Urospora lagidis ce sont de petits ovoides remarquablement pauvres 
en substance chromatique. Celle-ci est réduite en effet 4 quelques croitelles 
et A quelques grains plus spécialement localisés sur la membrane nucléaire et 
4 son voisinage. Tout karyosome un peu volumineux fait défaut. A l’un des 
poles du noyau un céne surbaissé porte 4 son sommet un centrosome puncti- 
forme, ou mieux un centriole d’ou émanent de fines fibrilles radiaires. Ce cdne 
s’appuie par sa base sur une volumineuse plaque polaire achromatique. 

“Les phénoménes de division débutent par la duplication du centriole 
et du céne d’attraction. Les deux appareils s’éloignent l’un de l'autre en 
glissant sur la surface nucléaire et se placent respectivement aux deux poles 
du noyau. Pendant cette translation, la chromatine s’est disposée en un 
gréle spiréme granuleux. Ce spiréme se pelotonne au centre du noyau et se 
coupe en 8 anses chromatiques. La plaque équatoriale est formée. Elle est 
située dans le plan transversal de symétrie d’un fuseau totalement intra- 
nucléaire aboutissant & ces deux extrémités aux centrioles seuls situés hors 
de la membrane. Celle-ci persiste longtemps. 

“De chaque cété de la plaque équatoriale et s’étendant jusqu’au centriole 
se trouve une grosse sphére homogéne acidophile. C'est l’éloignement pro- 
gressif réciproque des deux sphéres qui améne la scission des chromosomes, 
leur déplacement, l’écartement de la membrane nucléaire et |’étirement du 
fuseau. Les chromosomes ne cheminent pas en effet isolément ou librement 
sur un fuseau, ils sont toujours accolés aux deux sphéres et ne font que suivre 
ces derniéres dans leur éloignement réciproque. Les centrioles, quelquefois 
géminés, sont toujours situés & la périphérie des sphéres, jamais a leur intérieur. 
Ce sont eux et non les sphéres qui forment le centre des asters terminaux. 
Ceux-ci n’envoient pas dans tous les sens des radiations égales et rectilignes. 
Les rayons tendent & se courber et s’allongent dans une direction semblable 
a celle des fibres du fuseau unissant les chromosomes.” 

Je ne puis confirmer entiérement la description que donne Brasil des 
cinéses des gamontes d’Urospora lagidis. Mes observations différent légérement 
de celles de cet auteur principalement en ce qui concerne les sphéres attrac- 
tives. 

Le noyau au repos est constitué comme le montre la Fig. 1 A par une 
vésicule de 8 & 9u de diamétre environ, contenant un fin réseau chromatique. 
Ce réseau chromatique, tout d’abord irrégulier, est situé en entier directement 
en dessous de la membrane nucléaire. Durant les intercinéses, on ne rencontre 
pas de caryosome. Quelquefois cependant, quelques petites granulations 
chromatoides, probablement de petits nucléoles, peuvent s’observer dans la 
zone centrale du noyau. Lorsque ce dernier entre en prophase cinétique, le 
réseau chromatique se rétracte légérement, les filaments qui le constituent se 
racourcissent et s’épaississent sans quitter la périphérie du noyau. Finalement 
le spiréme ainsi constitué se fragmente en quatre cordons chromatiques 
(Fig. 1 B) qui peu 4 peu quittent la périphérie du noyau pour gagner le centre 
de la sphére nucléaire. Pendant que l’on observe cette migration des cordons 
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chromosomiques, l’enchyléme nucléaire subit une modification particuliére.. 


Il se condense en petites fibres, toutes orientées vers l’un des pdles du noyau 
(Fig. | B) sans que pour cela on voie encore apparaitre de figure astérienne. 


Fig. 1. Divers aspects des mitoses de la premiére période de I’évolution des gamontes d’ Urospora 
lagidis (Gros. x 3147). A, prophase nucléaire (spiréme); B, spiréme fragmenté en quatre 
chromosomes; C, D, fissuration des quatre chromosomes durant la prophase; FZ, F, @, chro- 
mosomes prophasiques au nombre de huit; H, anaphase; J, J, noyaux télophasiques montrant 
chacun quatre chromosomes. 


Les quatre chromosomes ainsi constitués diminuent de longueur alors que 
leur diamétre s’accroit sensiblement. C’est durant cette période de la prophase 
que l’on assiste a leur fissuration longitudinale trés visible dans la Fig. 1 C et D. 
A ce moment se forme un céne fusoriel dont le sommet forme une petite aire 
granuleuse soulevant légérement la membrane du noyau et qui ne tardera 
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pas a la dissoudre. Je n’ai pu retrouver la centrosphére hyaline décrite par 
Brasil. Le sommet du cone fusoriel est formé par de fines granulations qui 
semblent étre l’ébauche du futur centrosome. 

Lorsque cette aire centrosomique s’élargit (voir Fig. 1 £ et F), les chro- 
mosomes fissurés se dédoublent, et l’on voit alors apparaitre huit chromosomes 
qui se répartissent a l’intérieur de la zone centrale du noyau. Ces chromosomes 
conservent une disposition par paires, assez nette sur la Fig. 1 F et G. Quant 
au centrosome granuleux, il se répartit en deux masses qui se séparent en- 
trainant avec elles les deux sommets du cdéne fusoriel également dédoublé 
(Fig. 1G). La membrane nucléaire disparait au contact des formations 
centrosomiques qui ne tardent pas a s’écarter et & gagner les deux poles du 
noyau. La encore, je n’ai pu retrouver la centrosphére hyaline décrite par 
Brasil. La métaphase est 4 ce moment terminée puisque les chromosomes sont 
tous fissurés. L’anaphase, par contre, est d’une observation assez difficile, vu 
son extréme rareté. Aprés avoir examiné un grand nombre de jeunes kystes, 
je n’ai pu trouver qu'une figure d’anaphase, encore cette figure, excellente 
au point de vue des chromosomes, est-elle nettement insuffisante en ce qui 
concerne les formations centrosomiques. En effet, la préparation qui montre 
cette cinése n’a pas subi les mordangages successifs nécessaires & la coloration 
des centrioles. La Fig. 1 H ne nous renseigne donc qu’imparfaitement quant 
4 la constitution du fuseau et des centres. Elle montre seulement la migration 
des quatre chromosomes vers chacun des pdéles. I] est trés vraisemblable que 
le fuseau en forme de tonnelet est surmonté, 4 chacun de ses poles, par un 
centrosome aplati perpendiculairement & l’axe du fuseau, comme l’ont décrit 
Mulsow (1911) et Bélaté (1926) chez Monocystis rostrata. 

Quant a la télophase représentée 4 la Fig. 1 I et J, elle se fait de la fagon 
suivante: Les quatre chromosomes de chacun des pdéles se rapprochent les 
uns des autres. Toute trace du fuseau disparait alors et la membrane nucléaire 
se reconstitue autour de la chromatine qui occupe alors le centre du nouveau 
noyau. 

L’étude de cette premiére phase de la multiplication des gamontes montre 
tout d’abord que le spiréme ne se fractionne pas directement en huit éléments 
comme |’a décrit Brasil, mais en quatre cordons chromatiques. Ce n’est que 
par fissuration longitudinale de ces quatre cordons chromatiques que prennent 
naissance les huit éléments que |’on rencontrera dans la région médiane du 
fuseau. Cette fissuration est donc précoce par rapport au type normal, comme 
nous le verrons dans l’étude de la seconde phase cinétique des gamontes, elle 
précéde en effet la formation du fuseau. La constitution de la centrosphére 
he nous apparait pas d’une facon bien nette durant cette premiére phase de 
l’évolution du kyste d’Urospora lagidis. Peut-étre cela est-il la conséquence 
d'une imperfection de technique? Dans aucun cas, je n’ai pu observer la 
vaste centrosphére décrite en 1904 par Brasil. Enfin, il est 4 remarquer que 
durant toute cette premiére période de la vie des gamontes les noyaux ren- 
contrés chez les syzygites miles et femelles d’un méme kyste montrent toujours 


e., 
u 
4 
ra 
re 
nt 
le 
re 


108 Cycle chromosomique @ Urospora lagidis 


une taille sensiblement égale. La légére différence dans les dimensions des 
noyaux des deux syzygites que l’on rencontre a une période plus avancée de 
Pévolution des kystes, n’existe point encore, elle semble acquise au cours des 
cinéses successives. 


Deusxiéme période mitotique des gamontes. (Figs. 2 et 3.) 


La deuxiéme période de la vie des gamontes enkystés est caractérisée, 
comme je l’ai dit plus haut, par la présence d’un grand nombre de noyaux 
dans chacun d’eux, pouvant atteindre le diamétre moyen de 6} a 8hy 
pour les noyaux du gamonte femelle et 5} & Tu pour ceux du gamonte mile. 
On voit donc qu'il existe, a ce moment déja, une trés légére différence de taille 
au bénéfice des éléments femelles. Cette différence est d’ailleurs souvent fort 
difficile & saisir, et j’ai rencontré quelques kystes chez lesquels il était absolu- 
ment impossible de décider quel était le gamonte male. Cette difficulté peut 
parfois étre surmontée par l’emploi d’un objectif & sec moyen, tel que l’objectif 
Leitz No. 5. Au moyen de ce dernier, on apercoit non pas une région restreinte 
du kyste, mais le kyste dans son ensemble, ce qui permet parfois de décider 
plus facilement lequel des deux syzygites est le gamonte mile. 

L’étude des cinéses que l’on peut rencontrer durant cette période de la vie 
du parasite montre qu'il existe un parallélisme d’évolution entre les noyaux 
du gamonte male et ceux du gamonte femelle. Dans l’un comme dans l'autre, 
les caryocinéses se présentent avec les mémes caractéristiques et la succession 
des phases cinétiques est identique. 

Le noyau au repos, de taille beaucoup plus petite que durant la phase 
précédente, montre la méme pauvreté en éléments nucléolaires et la méme 
absence de caryosomes. Le spiréme s’organise 4 partir du réseau chromatique 
du noyau quiescent et se fragmente de suite en quatre éléments chromatiques 
(Figs. 3 A et 2A et B). Ces chromosomes tout d’abord gréles et longs se 
ramassent sur eux-mémes et forment des cordons épais et trés nets (Figs. 3 B 
et 2C)}. 

Les quatre chromosomes qui occupent le centre du noyau sont mis en 
rapport avec les fibres d’un céne fusoriel dont on voit apparaitre le sommet & 
l'un des pdles de la vésicule nucléaire (Fig. 2 F). Peu & peu, ce céne s’élargit 
sensiblement (Fig. 2 EF et G@), puis se dédouble et l’un des cénes fusoriels gagne 
le péle opposé du noyau. La prophase est alors terminée et c’est le début de 
la métaphase qui commence (voir Fig. 3 C, D, EF, F et G). La fissuration des 
anses chromatiques peut alors avoir lieu suivant des modalités assez différentes. 
Il est vraisemblable que les trois types de métaphases que je vais décrire se 


1 Tl arrive parfois, au début de la deuxiéme période de la vie du gamonte, que I’on rencontre 
une fissuration précoce des quatre chromosomes initiaux qui aboutissent 4 la formation de huit 
éléments peu avant leur mise au fuseau. II s’agit alors de divisions nucléaires qui se font suivant 
le premier type, comme le montre la Fig. 2 D. Il est facile de comprendre que la limite entre 
les deux périodes étant fictive, on peut rencontrer simultanément dans yn kyste encore jeune, 
des cinéses appartenant aux deux premiers types. 
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Fig. 2. Divers aspects des mitoses du gamonte femelle durant la deuxiéme période de P'évolution 
des gamontes d’ Urospora lagidis (Gros. x 3147). A, B, C, E, F, G, noyaux prophasiques a 
quatre chromosomes; D, noyau prophasique & huit chromosomes; H, /, J, noyaux prophasi- 
ques montrant la fissuration des quatre chromosomes; K, L, M, N, O, P, Q, R, S, métaphases 
nucléaires. 
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Fig. 3. Divers aspects des mitoses du gamonte male durant la deuxiéme période de l’évolution 
du gamonte d’ Urospora lagidis (Gros. x 3147). A, spiréme prophasique; B, C, D, E, F, G, H, 
divers stades de la mise au fuseau des chromosomes prophasiques; /, J, K, L, M, aspects 
divers de la métaphase; V, O, P, Q, R, S, 7’, U, divers aspects de l’anaphase. 
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succédent en réalité au cours de la vie du gamonte durant la seconde période 
de multiplication nucléaire. 

Le premier type métaphasique que l’on rencontre est représenté d’une 
facon particuliérement nette a la Fig. 2H. Les chromosomes sont trés longs 
et leur insertion au fuseau est habituellement sub-terminale. Les. Figs. 
3D, E, F et H, ainsi que 2 I représentent les divers stades de la métaphase, 
appartenant 4 ce type. La Fig. 3 LZ représente un type de fissuration chromo- 
somique et d’insertion au fuseau qui fait transition au mode suivant. 

Le deuxiéme type métaphasique est représenté par les Figs. 2J et 37, K 
et M. Il est caractérisé par une insertion terminale des chromosomes sur le 
fuseau. Il en résulte qu’au début de l’anaphase, les anses chromatiques 
jumelles sont encore réunies par l'une de leurs extrémités (Fig. 37, K et M). 
Ce deuxiéme type succéde vraisemblablement au mode précédent, étant donné 
la plus faible taille des noyaux. 

Enfin le dernier type métaphasique est fort rare. I] est représenté a la 
Fig. 3G. Sa caractéristique principale consiste dans la forme globuleuse des 
chromosomes pendant la premiére période de la métaphase. Ces chromosomes 
insérés au fuseau prennent lorsqu’ils sont vus de profil une forme en “chapeau 
de gendarme” trés caractéristique (Fig. 3G). Cet aspect est lindice d’une 
insertion terminale d’éléments trés courts et globuleux. 

Durant toute cette période la figure cinétique, tant chromatique qu’achro- 
matique, est contenue dans la membrane nucléaire qui peu a peu devient moins 
distincte (voir Figs. 3C a N et 2 aJ). La migration des chromosomes vers 
les poles du noyau se fait normalement, les deux extrémités du fuseau viennent 
aboutir 4 un granule plus sombre, le centrosome, qui ne se colore distinctement 
que lorsque l’on pratique des colorations successives et suivant la technique 
de Meves (voir Matériel et Technique). Ce centriole est nettement visible a la 
Fig. 3S. 

Finalement les chromosomes se tassent aux deux extrémités du fuseau 
(Fig. 2S) et la télophase commence. Durant cette période de la vie du gamonte, 
caractérisée par la présence de noyaux a quatre chromosomes, les fuseaux des 
cinéses & la fin de la télophase ne dépassent jamais 10. de long chez le male 
et 13u chez les gamontes femelles. 

D’autre part, durant l’ascension polaire des éléments chromatiques, on 
peut le plus souvent reconnaitre le type de la métaphase; par exemple la 
Fig. 3 N montre des chromosomes globuleux qui correspondent sans doute 
4 une métaphase du troisiéme type (Fig. 3 @). 

Cette seconde période de la vie du gamonte est donc caractérisée par un 
retard dans la fissuration des éléments chromosomiques au cours de la cinése, 
retard trés marqué si l’on compare la marche des mitoses durant la premiére 
et la deuxiéme périodes. D’autre part, on constate également une évolution 
assez marquée dans la forme des chromosomes qui, d’une facon générale, 
prennent une forme plus courte, parfois méme globuleuse. 
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Troisiéme période mitotique des gamontes. (Figs. 4 et 5.) 
Durant la troisiéme période de la vie des gamontes, la différence de taille 
entre les noyaux va en s’accentuant légérement. Alors que les noyaux au 
repos du gamonte male ne mesurent que 4} & 54 de diamétre en moyenne, 


Fig. 4. Divers aspects des mitoses de la troisiéme période de l’évolution des gamontes femelles 
d@ Urospora lagidis (Gros. x 3147). A, B, C, divers aspects de la prophase nucléaire; D, £, 
deux métaphases; F,G, H, I,J, K, L, figures représentant les étapes de l’anaphase cinétique. 


ceux du gamonte femelle peuvent atteindre un diamétre sensiblement supérieur, 
. de 5 a 64. Le nombre des noyaux s’est naturellement beaucoup accru et les 
cinéses sont parfois assez abondantes dans certains kystes. La encore |’évolu- 
tion des noyaux miles et femelles est assez semblable durant la cinése, 4 
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cette différence prés que les noyaux males présentent habituellement des 
chromosomes plus condensés, moins allongés que les chromosomes visibles sur 
les cinéses des gamontes femelles observés durant cette période. 

Comme précédemment (Fig. 5 A) le spiréme se fragmente en quatre cordons 
chromatiques qui restent tout d’abord a la périphérie. Peu a peu les chromo- 
somes ainsi constitués se retirent sur eux-mémes et prennent un aspect boudiné 
tout 4 fait différent de leur forme primitive (Fig. 5 B, C et D). Cet épaississe- 
ment des chromosomes est cependant plus marqué chez les noyaux du micro- 
gamonte que chez ceux du macrogamonte (comparer Fig. 4A et B avec 
Fig. 5 B, C, D). C'est & ce moment que l’on voit apparaitre le fuseau dont les 
deux péles repoussent peu a peu la membrane du noyau (voir Figs. 5 E et 
40, D, E). La prophase prend alors fin et la deuxiéme période (métaphase) 
de la cinése commence. Ces métaphases cinétiques de la troisiéme période de 
la vie des gamontes sont manifestement comparables dans les deux sexes, 
la forme et la dimension des chromosomes mises & part. Sa caractéristique 
principale est le fait que l’on observe jamais de fissuration chromosomique. 
Au début de la métaphase les chromosomes sont habituellement disposés 
comme le montre la Fig. 4 C et Z. Dans ces deux figures, qui représentent 
chacune une plaque équatoriale vue de profil, on se rend compte trés exacte- 
ment de la disposition des chromosomes les uns par rapport aux autres. Dans 
ces deux cas, et dans plusieurs autres qui n’ont pas été représentés, les quatre 
chromosomes sont en forme de U ou de V;; ils sont couplés deux 4 deux a la 
facon de deux maillons d’une chaine, et de telle sorte que les concavités des 
deux anses jumelles soient tournées en sens inverse vers chacun des deux péles. 
Cette disposition est particuliérement nette sur la Fig. 4 2. Ce fait montre 
qu'il existe deux paires chromosomiques parfaitement définies bien qu’elles 
ne différent pas sensiblement par la forme et la taille. 

Peu a peu les deux anses d’une méme paire se séparent l'une de l’autre et 
gagnent les deux pdles de la cinése. Pendant cette ascension polaire, les 
chromosomes en forme de V ou de U tournent toujours leur concavité du cété 
du plan équatorial, leur insertion au fuseau est habituellement médiane ou 
sub-médiane. Les Figs. 4. D et 5 donnent une excellente idée de cette 
métaphase atypique. Chaque pdle de la cinése ne regoit done que deux 
chromosomes provenant de chacune des deux paires visibles sur la plaque 
équatoriale. 

A ce moment, la membrane nucléaire, encore visible jusqu’alors, disparait 
complétement et le fuseau s’allonge pendant que les deux groupes de deux 
chromosomes gagnent chacun des deux pdles de la cinése. Cette anaphase 
présente des caractéres légérement différents suivant que l’on étudie un macro- 
ou un microgamonte. En effet en regardant les Figs. 5 £ a T et 4 F a L, on 
s'apercoit que l’on retrouve durant. l’anaphase la différence de taille et de 
constitution signalée entre les deux sexes durant la prophase et la métaphase. 
Les chromosomes miles sont habituellement plus globuleux, et les chromosomes 
des macrogamontes plus étirés, plus filiformes. Cette différence n’est cependant 
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pas absolue, il suffit en effet d’examiner les Figs. 5 Z, 5 K et 4 J pour voir que 
ce caractére 4 lui seul ne permet pas de distinguer le sexe d’un gamonte. 


A B D E 
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Fig. 5. Divers aspects des mitoses de la troisitme période de l’évolution des gamontes miles 
d’ Urospora lagidis (Gros. x 3147). A, B, C, D, figures représentant les ¢tapes successives de 
la prophase; Z, F, métaphases; G, H, I,J, K, L, M, N, O, P, Q, R, S, T, anaphases cinétiques. 


L’anaphase se termine par la disparition du centrosome qui devient tout 
a fait indistinct (Fig. 4 L, J), puis disparait complétement ainsi que les asters 
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(Figs. 4 L et 5 7). La portion médiane du fuseau située entre les deux groupes 
chromatiques s’étire lentement, s’amincit beaucoup (Fig. 4/, J et K), puis 
subsiste quelque temps sous la forme de quelques filaments achromatiques 
légérement ondulés. Si l’on compare entre elles ces cinéses, on voit que les 
fuseaux sont sensiblement plus petits chez le gamonte male que chez le ga- 
monte femelle. En effet, alors qu’a la fin de l’anaphase les premiers atteignent 
13u de long, & une période correspondante, les seconds peuvent mesurer 
jusqu’a 17p. 

Comparons d’autre part les cinéses de cette troisiéme période du gamonte 
a celles de la période précédente. On s’apercoit que pour une méme sexe et 
en examinant des stades comparables (la fin de l’anaphase par exemple) les 
fuseaux de la troisiéme période de la vie du gamonte sont sensiblement plus 
longs. Nous verrons par la suite quelle conclusion on peut tirer de ce fait, 
conclusion qui semble en contradiction avec la loi d’Herlant. 

Ce qui caractérise avant tout les cinéses observées durant cette troisiéme 
période est le fait que on ne constate pas de fissuration des chromosomes. Cette 
non-fissuration des anses chromatiques a pour corollaire immédiat une 
migration polaire atypique, en ce sens que les chromosomes constituant les 
deux paires, sont séparés les uns des autres, gagnent les poles opposés; le nom- 
bre des chromosomes des noyaux fils se trouve de ce fait réduit de moitié. 
Les divisions mitotiques de ce type sont donc réductionnelles et hétérotypiques, 
réductionnelles puisqu’elles réduisent le nombre diploique (4) au nombre 
haploide (2), hétérotypique puisque la cinése a lieu sans aucune fissuration. 
Enfin ces cinéses hétérotypiques nous révélent l’existence de véritables 
paires de chromosomes, tout & fait comparables a celles que l’on observe durant 
la maturation des gamétes chez les Métazoaires. II est bien évident que cette 
troisitme période de la vie des gamontes n’est pas nettement limitée. On 
peut, en effet, rencontrer quelques cinéses du deuxiéme type a cété de mitoses 
du troisiéme. Dans d’autres kystes, au contraire, ce sont des caryocinéses 
du quatriéme type cinétique qui voisinent avec des divisions réductionnelles 
hétérotypiques. Ceci nous montre trés nettement que les mitoses réduction- 
nelles ne se rencontrent qu’une seule fois au cours de la lignée des noyaux d’un 
gamonte. 


Quatriéme période mitotique des gamontes. (Figs. 6 et 7.) 


La quatriéme période de la vie des gamontes débute immédiatement 
aprés les cinéses réductionnelles pour se terminer directement avant la 
gamétogénése; lorsque les noyaux entrent en repos jusqu’d l’achévement 
des éléments sexuels miles et femelles. 

La encore, on peut retrouver une petite différence de taille entre les 
hoyaux des gamontes, différence de taille qui permet seule de distinguer les 
deux sexes. La prophase nucléaire débute comme précédemment par l’appari- 
tion d’un spiréme, plus simple de forme que ceux que l'on observait au cours 
des périodes précédentes, (e spiréme se fragmente alors en deux parties 
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(Figs. 6 A et B et 7 A) qui constituent chacune l’un des deux chromosomes du 
noyau réduit. 

Ces chromosomes sont parfois trés courts et épais (Fig. 6 A) et d’autre 
fois beaucoup plus longs et minces (Fig. 6 C). C’est 4 ce moment que !’on 
voit apparaitre les premiéres fibres d’un céne astérien qui ne tarde pas a se 


/ 
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Fig. 6. Divers aspects des mitoses de la quatriéme période de l’évolution des gamontes femelles 
d’Urospora lagidis (Gros. x 3147). A, B, C\prophases; D, E, F, G, métaphases; H, J, J; 
K, L, anaphases cinétiques. 


dédoubler et dont les deux sommets émigrent aux deux pdles du noyau en 
suivant la membrane nucléaire (Figs. 7 B et 6C). La mise au fuseau des 
deux chromosomes coincide habituellement avec un épaississement de ces 
derniers. Lorsque la figure caractéristique de la métaphase est constituée les 
deux chromosomes prennent habituellement une forme globuleuse (Fig. 7 F), 
parfois losangique ou triangulaire (Figs. 7 F, H, I et 6 Z), en méme temps 
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Fig. 7. Divers aspects des mitoses de la quatriéme période de l’évolution des gamontes males 
d' Urospora lagidis (Gros. x 3147). A, B, prophases cinétiques;,C, D, E, F, G, H, 1, J, K, L, 
M, N, 0, P, Q, R, S, métaphases cinétiques; 7, U, V, W, X, Y, anaphases cinétiques. 
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que la membrane du noyau disparait complétement. II est assez difficile 
d’avoir une notion précise sur la fissuration des chromosomes durant ces 
derniéres cinéses. I] semble bien que la métaphase puisse se produire de deux 
facgons légérement différentes, et ces deux modes se retrouvent également 
fréquemment dans les deux sexes. 

Dans un premier cas, la fissuration des chromosomes se fait par étirement; 
chaque élément chromatique figurant alors une haltére placée dans l’axe du 
fuseau. Cette apparence est réalisée d’une fagon trés typique dans la Fig. 7 K 
et M. Parfois les deux chromosomes sont légérement inclinés sur l’axe de la 
cinése et l’on obtient une image un peu différente représentée a la Fig. 6 F. 

Dans un second cas, aussi fréquent que le premier, les chromosomes durant 
leur fissuration prennent la forme trés caractéristique de la lettre C (Fig. 7 N, 
O, Q, R, S et W), les anses chromatiques sont parfois presque fermées sur 
elles-mémes, comme le montre la Fig. 7 Y. Cet aspect est certainement di 
& une insertion des chromosomes fils en positions sub-terminales sur le fuseau 
de la cinése. 

Durant l’anaphase, les chromosomes fils gagnent chacun des deux ples, 
et il est difficile, de prime abord, de distinguer une figure anaphasique de la 
quatriéme période d’une anaphase de cinése réductionnelle. 

Durant ces mitoses les figures fusorielles sont habituellement trés nettes, 
les centres contiennent un centrosome trés visible et fortement coloré sur les 
préparations traitées suivant la technique de Meves. D’autre part la taille 
des cinéses est assez variable mais demeure toujours inférieure a celle des 
cinéses réductionnelles. Cette différence entre les distances des pdles durant 
Panaphase est principalement visible chez les gamontes du sexe male. 

Existe-il, enfin, plusieurs mitoses successives de ce dernier type, que nous 
pouvons appeler des cinéses post-réductionnelles? Il est trés difficile de ré- 
pondre d’une facon catégorique. Pour ma part, j’inclinerais vers l’affirmative. 
J’ai rencontré un nombre beaucoup plus grand de ces cinéses haploidiques que 
de cinéses réductionnelles, et cela dans des proportions qui ne semblent pas 
laisser de doutel. 

Il est done probable que la division de réduction n’est pas l’avant-derniére 
comme chez les Métazoaires, mais se fait plus tét. 


Evolution des cinéses nucléaires du gamonte. 


Lorsque l’on compare l’évolution des cinéses nucléaires au cours de la vie 
du gamonte d’Urospora lagidis on constate une évolution des mitoses dans 
un sens parfaitement défini. Cette évolution se produit d’une facon paralléle 
dans le gamonte male et dans le gamonte femelle. 

L’évolution des cinéses porte sur deux points principaux: 


1 En effet, si l'on admet qu'il existe une seule mitose post-réductionnelle, on doit en rencontret 
un nombre exactement double du nombre des cinéses hétérotypiques. Il est bien entendu que 
seules les métaphases sont prises ici en considération, les figures anaphasiques pouvant facilement 
étre prises l'une pour l’autre. 
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(1) La forme des chromosomes. Les chromosomes tout d’abord trés longs 
et gréles deviennent, au cours des divisions successives des noyaux, beaucoup 
plus courts et épais; dans les derniéres cinéses post-réductionnelles on ren- 
contre méme parfois des chromosomes globuleux. Cette évolution dans la 
forme des chromosomes est encore plus marquée chez le gamonte male que 
chez le gamonte femelle. Elle semble marcher de pair avec la progression que 
l’on observe entre les dimensions des noyaux et des deux syzygites. 

(2) La phase a laquelle se fait la fissuration des chromosomes. Nous avons 
vu, en effet, qu’au cours de la premiére période de la vie du gamonte, la fissura- 
tion des chromosomes est précoce, elle se fait avant la mise au fuseau des 
éléments chromatiques. Lorsque ce dernier est formé, les chromosomes sont 
dissociés et se trouvent étre au nombre de huit. Dans la seconde période de 
la vie du gamonte, la fissuration des anses chromatiques se fait en temps 
normal, c’est-i-dire aprés la mise au fuseau des chromosomes. Enfin, la troi- 
siéme période montre l’existence de mitoses chez lesquelles on ne rencontre 
plus de fissuration de chromosomes, des deux chromosomes d’une méme paire 
sont simplement séparés l’un de l’autre, en un mot il s’agit alors d’une cinése 
hétérotypique et réductionnelle. 

Sans hasarder dans ce domaine aucune explication mécaniste qui semble- 
rait encore bien prématurée, on peut penser que c’est ce retard progressif 
dans la fissuration des anses chromatiques qui est la cause de la division réduc- 
tionnelle de la troisiéme période. La fissuration des anses chromatiques n’ayant 
plus lieu, l’attraction des centres s’appliquerait alors, par l’intermédiaire des 
fibres fusorielles, & séparer des éléments déja morphologiquement autonomes 
comme les deux chromosomes d’une méme paire. Cette explication n’a 
d’ailleurs qu’une valeur trés relative et ne prétend nullement pénétrer le 
mécanisme intime et l’origine de la division réductionnelle. Elle part d’ailleurs 
de prémices encore inexpliquées, en particulier le retard progressif de la 
fissuration des chromosomes au cours des cinéses des gamontes. 

Un point qui mérite l’attention des cytologistes est le fait de l’augmentation 
de taille des mitoses sitét aprés la division de réduction. Cette observation 
semble tout 4 fait en contradiction avec la loi des fuseaux formulée par 
Herlant qui établit un rapport entre la quantité de chromatine et la distance 
entre les deux péles des cinéses. Dans ce cas, en effet, les cinéses se produisant 
dans une masse cytoplasmique libre et indivise, la loi dite de Conklin qui 
établit un rapport entre la taille des cinéses et le volume du cytoplasme 4 
diviser, ne peut entrer comme correctif et modifier les données de la loi 
d’Herlant. Il s’agit la d’un probléme de cytologie qui reste sans réponse. 

Il faut remarquer, enfin, que la comparaison des noyaux des deux syzygites 
au cours de leur croissance montre une différence dans la taille des noyaux 
qui va en s’accentuant, ceci au bénéfice des noyaux du gamonte femelle, 
légérement plus grand que ceux du gamonte mile. 
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Divisions nucléaires d’Urospora comparées a celles des autres Grégarines. 


Si l’on compare les résultats acquis par l’étude des divisions nucléaires au 
cours de la vie des gamontes de I’ Urospora lagidis, avec les résultats publiés 
antérieurement par Mulsow (1911) sur Monocystis rostrata, Bastin (1919) sur 
Monocystis agilis et Jameson (1920) sur Diplocystis schneideri, on voit que les 
conclusions sont analogues 4 celles formulées par Mulsow et Bastin chez deux 
espéces de Monocystis. 

Cependant, les conclusions de ces deux derniers auteurs laissent encore 
planer bien des doutes sur les phénoménes intimes de la réduction chromatique 
du genre Monocystis. 

Mulsow (1911) pense que chez Monocystis rostrata la division réductionnelle 
se fait immédiatement avant la formation des gamétes. Il n’y aurait donc pas 
deux cinéses réductionnelles mais une seule. I] se base sur le fait suivant pour 
étayer sa maniére de voir: on ne rencontre jamais de métaphase (plaque | 
équatoriale) 4 quatre chromosomes (4 = ”) mais toujours 4 huit chromosomes 
(8 = 2n). Les anaphases de la derniére mitose montrent par contre quatre 
éléments & chaque pdle. Si ces faits sont vérifiés ils montrent évidemment 
que, chez Monocystis rostrata tout au moins, il n’existe qu'une seule division 
réductrice qui est naturellement la derniére avant la formation des gamétes. 

Chez Monocystis agilis étudié par Bastin (1919) les numérations des noyaux 
des syzygites permettent d’apporter quelques clartés 4 ce point de vue. Bastin 
conclut mais d’une fagon dubitative a l’existence de deux cinéses dont la 
premiére serait numériquement réductionnelle. I] s’en suivrait d’aprés cet 
auteur que le cas des Monocystis rentrerait dans le schéma normal d’une 
division hétérotypique suivie d’une division homéotypique, cette derniére 
précédant immédiatement la formation des gamétes. Malheureusement, 
lauteur de cette intéressante étude sur le Monocystis agilis n’a pu préciser les 
détails cytologiques de ce phénoméne. Mes observations qui portent sur 
Urospora lagidis permettent, je crois, de trancher définitivement cette question 
si débattue. 

Il faut tout d’abord souligner que les critiques adressées 4 Mulsow par 
Dobell et Jameson (1915 et 1920) et en dernier lieu par Béla# (1925) 
ne peuvent s’appliquer au cas de l’Urospora lagidis qui constitue une 
espéce bien homogéne. L’étude des deux derniéres périodes cinétiques des 

Ces divers auteurs ont pensé que Mulsow avait été induit en erreur par la présence de deux 
espéces de Monocystis dont l'une présenterait un nombre de chromosomes double de l'autre. 
Il faudrait admettre dans ce cas que les kystes de l’espéce & quatre chromosomes étaient générale- 
ment plus avancés que ceux de l’espéce & huit chromosomes. II est difficile d’admettre qu'un 
observateur aussi consciencieux que Mulsow ait pu négliger l’étude des kystes plus jeunes 4 
quatre chromosomes. D’autre part, l’absence de plaques équatoriales 4 quatre éléments dans des 
kystes contenant des anaphases 4 quatre chromosomes semble un argument trés fort en faveur 
des conclusions de Mulsow. Ce dernier fait ne pourrait provenir que d’une fissuration trés précoce 
des éléments chromatiques, dans le cas ot I’on rejeterait la thése défendue par ce dernier auteur. 


Il semble enfin que Béla ne tient pas un compte suffisant des observations, cytologiquement 
incomplétes, mais cependant convaincantes publiées par Bastin. 
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gamontes d’Uvospora comparées aux deux premiéres, montre d’une fagon 
péremptoire qu'il existe une division réductionnelle hétérotypique, qui suit 
son cours sans fissuration des chromosomes. Cette premiére cinése réduction- 
nelle est elle-méme suivie d’une période de multiplication de noyaux certaine- 
ment haploides. Existe-t-il une ou plusieurs cinéses haploides et homéotypi- 
ques? C’est la une question & laquelle il est difficile de répondre. Je pense 
cependant, étant donné le trés grand nombre de cinéses de ce type rencontrées 
dans mes coupes, comparé au nombre restreint de cinéses réductionnelles 
hétérotypiques, qu’il peut s’en produire plusieurs de suite. Seule la méthode 
de Bastin permettrait de préciser ce point; malheureusement, étant donné 
le nombre immense de noyaux que l’on rencontre pendant cette période dans 
un seul gamonte, la numération des noyaux me semble absolument imprati- 
quable. 

Il reste done encore un point incertain concernant la réduction chromatique 
de  Urospora. 


IV. ForMATION NORMALE DES GAMETES. 


Lorsque la multiplication nucléaire des deux syzygites a pris fin, les 
noyaux entrent en période de repos. Les éléments nucléaires des deux ga- 
montes sont en nombre approximativement égaux mais de taille légérement 
différente. La distinction des futurs éléments femelles des éléments miles 
est souvent assez difficile 4 établir, surtout dans certains kystes. Ce qui 
distingue le plus sirement les deux sexes est certainement la différence de 


chromaticité des noyaux. Les éléments males présentent des noyaux chargés 
de matiére chromatique et d’aspect crofitelleux. Les noyaux appartenant 
aux gamontes femelles sont au contraire beaucoup plus clairs, la chromatine 
reste périphérique et les éléments nucléolaires ou caryosomiens sont trés 
développés. 

Brasil (1905 6) décrit fort bien cette différence entre les deux gamontes, 
mais sa description et les figures qui accompagnent son mémoire tendent 
cependant 4 exagérer le dimorphisme nucléaire des deux éléments. 

Voici comme cet auteur décrit la fragmentation des gamontes: 

“La multiplication nucléaire parvenue 4 son terme, chacune des Grégarines 
enkystées se découpe en un corps lacinié dont les circonvolutions présentent 
une disposition beaucoup plus compliquée que ne Vindique Siedlecki pour 
Monocystis ascidiae. Tous les noyaux se portent 4 la surface de ce corps 
lacinié et c’est seulement & ce moment qu’apparaissent nettement les carac- 
téres différenciels entre les deux Grégarines d’un méme couple.” 

Le mode de division et de fragmentation des syzygites décrit par Brasil 
n’est cependant pas le seul que l’on puisse observer. En réalité, il existe deux 
types différents parfaitement distincts; on rencontre cependant certains 
termes de passages entre ces deux modes extrémes. Dans un paragraphe 
suivant nous aborderons l’étude de la fragmentation anormale des gamontes, 
qui semble le résultat d’une anomalie de croissance, ou, plus souvent, de 
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phénoménes dégénératifs. Nous examinerons tout d’abord les deux modes 
normaux de fragmentation des gamontes. 


Gamontes fragmentés suivant le premier type. 

Le premier type de fissuration du gamonte est représenté schématiquement 
a la Fig. 10 (No. 7). La fragmentation s’opére alors de la facon décrite par 
Brasil (voir paragraphe précédent). Cette disposition des noyaux a la péri- 
phérie d’un corps lacinié est tout a fait particuliére. Elle rappelle énormément 
le “‘ Perlenstadium” décrit par Moroff (1909) chez les Sporontes d’ Aggregata. 
Chaque noyau est tout 4 fait périphérique et placé a la base d’un petit mamelon 
conique lequel contient les formations centrosomiques. Cette disposition est 
comparable dans les deux sexes, avec cette différence que les petites éminences 
coniques hérissant la surface des corps laciniés, coiffent dans le gamonte 
femelle des noyaux légérement plus gros et qu’en conséquence, ils présentent 
une forme plus surbaissée, plus obtuse. Il en résulte une légére différence 
entre les gamontes des deux sexes. Les gamontes males sont, 4 ce stade, plus 
hérissés et les formations centrosomiques qui garnissent les pointes péri- 
phériques des corps laciniés sont plus visibles que dans les gamontes femelles. 
Les centrosomes sont d’ailleurs, dans le premier cas, allongés normalement 4 
la surface du gamonte. 

C’est par découpage de la périphérie du cytoplasme que se forment les 
gamétes (sporoblastes, auctores) qui se détachent alors d’un corps cytoplasmique 
résiduel. Ce dernier ne tarde pas a se dissoudre a l’intérieur du kyste. 


Gamontes fragmentés suivant le deuxiéme type. 

Le premier mode de formation des gamétes, qui vient d’étre décrit, n’est 
point le seul que l’on observe. Il peut étre considéré ainsi que I’a fait Brasil, 
comme la facon typique dont évoluent les syzygites, mais il n’est assurément 
pas le mode le plus répandu. 

En examinant mes préparations, j’ai été frappé par le fait que la migration 
des noyaux a la périphérie du corps lacinié ne se produit pas toujours. Lors- 
qu’on observe des kystes & l’intérieur desquels les gamontes se montrent trés 
a létroit et dont les deux parasites occupent toute la cavité, on remarque que 
la densité des noyaux est sensiblement plus élevée que dans un kyste 4 
Yintérieur duquel les syzygites se meuvent librement. Cette différence entre 
la taille relative de la cavité kystique et des Grégarines parasites qui y sont 
incluses, explique, en grande partie du moins, la différence d’évolution des 
divers kystes d’un méme hote. La taille d’un jeune kyste d’Urospora lagidis 
est beaucoup plus faible que celle que l’on observe sur des kystes déja avancés. 
D’autre part l’enveloppe réactionnelle formée par les amibocytes de la Pecti- 
naire autour d’un kyste grégarinien, ne présente pas toujours la méme épaisseur 
pour un Age donné de la vie des deux gamontes. Cette différence est parfois 
trés nette; et j’ai observé des kystes dans la période moyenne de leur multi- 
plication nucléaire qui présentaient de grandes différences 4 cet égard. Les 
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Grégarines s’accroissent dans des proportions importantes au cours des 
divisions successives de leurs noyaux. Les kystes qui présentent un recouvre- 
ment réactionnel d’une grande épaisseur, ne peuvent s’accroitre suffisamment. 
Les Grégarines enkystées sont alors trés a l’étroit dans la capsule kystique, 
mais les multiplications nucléaires suivent cependant leur cours normal. 
Il en résulte une densité de noyaux beaucoup plus grande 4 l’intérieur d’un 
cytoplasme de trop faible volume. Lorsque la multiplication des noyaux des 
syzygites arrive & son terme, ces derniers ne trouvent pas tous place a la 
périphérie du cytoplasme et la plus grande partie d’entre eux reste 4 son 
intérieur. D’autre part, le déploiement du corps du gamonte ne peut plus 
avoir lieu, le parasite manquant d’espace pour cela. Le résultat de cette 
compression des syzygites est la répartition homogéne des noyaux a l’intérieur 
des gamontes. Cette position atypique des noyaux entraine une fragmentation 
également atypique du cytoplasme. Contrairement au cas précédent, le 
découpage du cytoplasme ne se fait plus 4 la surface des corps laciniés et se 
fait en profondeur. Chaque noyau isole autour de lui le cytoplasme dans 
lequel il est plongé et il se forme autant de petits corps sub-sphériques pressés 
les uns contre les autres dans lequels les noyaux occupent généralement une 
position excentrique. Le résultat premier de cette croissance cytoplasmique 
insuffisante est l’absence de cytoplasme résiduel. Toute la masse plasmique 
est alors utilisée. I] arrive méme dans certains cas que la taille des éléments 
est légérement diminuée du fait de l’insuffisance de la masse totale du cyto- 
plasme qui se trouve également répartie entre les divers gamétes en formation. 

Ce second type aboutit 4 la formation de gamétes normaux mais qui 
présentent habituellement une forme plus ovoide que piriforme. D’autre 
part la taille des éléments ainsi formés est parfois nettement déficitaire. 


V. FoRMATION ANORMALE DES GAMETES. 


L’évolution anormale des kystes d’Urospora lagidis peut se produire de 
diverses fagons. On distingue deux types principaux d’évolution atypique 
suivant que l’on rencontre ou que l’on ne rencontre pas de phénoménes 
dégénératifs. Cette distinction n’est d’ailleurs pas absolue et il est fort possible 
qu'une évolution nettement atypique ne soit que le début d’une involution 
par dégénérescence des éléments. 


Evolution atypique du gamonte sans phénoménes dégénératifs observables. 


Mes observations portent, dans ce cas, sur un certain nombre de kystes 
qui présentent le caractére commun de subir une fragmentation anormale et 
souvent précoce de l’un ou l’autre des gamontes, et parfois des deux simultané- 
ment. Il s’agit principalement de la formation d’éléments cytoplasmiques 
géants présentant une taille dix ou vingt fois supérieure aux dimensions 
normales des gamétes et un noyau beaucoup plus grand. A cété de ces gros 
éléments on peut en observer une grande quantité de taille normale. Dans 
ces kystes, il existe presque toujours des cellules de taille intermédiaire entre 
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les éléments normaux et les corps mononucléés géants. Je pense que cette 
anomalie est due principalement 4 une multiplication nucléaire nettement 
anormale. On rencontre souvent en effet, 4 l’intérieur de gamontes non encore 
segmentés, des noyaux de tailles trés diverses et dont les plus grands présentent 
souvent un aspect pycnotique. Il est vraisemblable que cette anomalie de 
croissance est due principalement 4 un affolement dans la multiplication des 
noyaux, qui sont finalement frappés de dégénérescence par pycnose. I] ne 
semble pas qu'il y ait un rapport entre cette multiplication anormale des 
gamontes et la tunique réactionnelle formée par les amibocytes de l’héte. 
Brasil (1905 6) attribue cette inégalité dans |’évolution nucléaire des 
Grégarines 4 un enkystement solitaire. I] est difficile de décider si cette opinion 
est conforme aux faits. Lorsque le cytoplasme est déja divisé on ne peut 
plus savoir s'il existait 4 lorigine du kyste une ou deux Grégarines. L’inégalité 
dans la taille des noyaux s’observe cependant dans des kystes contenant des 
syzygites. D’autre part il n’y a pas de rapport entre l’épaisseur de l’enveloppe 
réactionnelle et la présence de noyaux anormaux. Tout en tenant l’explication 
de Brasil pour valable dans un trés grand nombre de cas je ne pense pas qu'elle 
puisse étre généralisée et que la présence de noyaux anormaux ou géants soit 
l’apanage exclusif des kystes solitaires.”” 


Multiplication atypique des gamontes entrainant des phénomeénes 
dégénératifs. 

Un certain nombre de kystes présentant des phénoménes dégénératifs 
possédent un caractére commun: celui d’étre inclus dans une masse épaisse 
de tissus réactionnels de ’héte, de nature nettement conjonctive. Ces kystes 
sont habituellement de taille restreinte, ils ont donc conservé les dimensions 
des kystes jeunes et restent emprisonnés 4 l’intérieur d’une masse conjonctive, 
souvent assez épaisse et contenant un grand nombre de kystes grégariniens 
plus évolués. Il semble done qu’il s’agisse, dans ce cas, de kystes jeunes qui 
se sont trouvés, de par leur position défectueuse, enserrés dans la gangue 
conjonctive qui englobe une série de kystes plus 4gés. Le résultat immédiat 
de cette position est l’étouffement du jeune kyste qui ne peut plus s’accroitre. 
On observe alors des cas divers suivant que l’un ou l’autre des syzygites vient 
a dégénérer d’une facon précoce, ou que les deux éléments subsistent un 
certain temps & céte. 

Brasil a d’ailleurs signalé la fréquence de ces kystes abortifs chez Urospora 
lagidis. 11 semble attribuer leur origine A l’effraction des phagocytes, qui, 
une fois introduits dans l’enveloppe kystique, tuent le parasite. Ce dernier 
dégénére par la suite. I] est incontestable que l’on rencontre A V’intérieur de 
kystes complétement dégénérés des éléments provenant de I’héte, mais il 
n’est nullement prouvé que ces derniers soient la cause déterminante de la 
mort et de la dégénérescence de la Grégarine. 

Mes observations personnelles me conduisent 4 une explication différente: 
Le fait, signalé plus haut, de l’épaisseur anormale de l’enveloppe réactionnelle, 
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joint a la taille toujours réduite—et cela quel que soit le degré d’évolution 
des gamontes—des kystes, conduit naturellement 4 penser que c’est la com- 
pression des parasites qui cause leur mort. Que secondairement les phagocytes 
interviennent, cela ne fait aucun doute, mais il est invraisemblable qu’ils 
soient la cause unique de la dégénérescence et de la mort du parasite. Un 
argument qui justifie, 4 mes yeux, cette interprétation, est la densité extreme 
des noyaux ¢ontenus dans les éléments dégénérés. Ils sont habituellement 
assez vésiculeux, plus clairs que les noyaux normaux et contiennent une 
chromatine granuleuse; en un mot on y reconnait les phases initiales de la 
pyenose. Ces noyaux sont parfois si nombreux quw ils sont presque disposés 
au contact les uns des autres ne laissant plus de place au cytoplasme. II 
semble bien que ce mode de dégénérescence soit di a limpossibilité de crois- 
sance qui frappe le cytoplasme mais qui n’empéche cependant pas la multipli- 
cation des noyaux de suivre son cours. Cette catégorie de kystes semble 
vouée d’une fagon certaine a la dégénérescence et n’aboutit jamais a la forma- 
tion de gamétes normaux et viables. 


VI. SrrucruRE DES GAMETES, ANISOGAMIE. 


Brasil donne une excellente description de la formation et de la structure 
des gamétes (= sporoblastes, auctores) et, en ce qui concerne ces éléments, il 
s’exprime comme suit: 

“Tous les sporoblastes sont sensiblement piriformes avec noyau péri- 
phérique, mais les uns présentent un noyau de dimension moindre et plus 
chromatique uni a un rostre saillant, tandis que les autres avec un noyau 
plus volumineux et moins colorable n’ont qu’un rostre atténué. I] est de toute 
évidence que les premiers proviennent de la Grégarine chez laquelle j’ai décrit 
un stade a trés petits noyaux et que les seconds dérivent de l’autre Grégarine.” 

D’autre part, il signale une lacune dans ses observations: I] ne peut dire 
s'il existe ou s’il n’existe pas de cils chez les sporoblastes d’Urospora lagidis. 
I] pense que dans ce dernier cas les mouvements de l’héte qui ont pour effet 
direct de maintenir en agitation continuelle les kystes grégariniens, suffisent 
au mélange des sporoblastes sans qu’il soit besoin pour eux d’entrer en danse, 
comme cela a été observé chez certaines Grégarines. Mes observations ne 
peuvent malheureusement combler cette lacune et si ce travail reste muet 
sur ce point, la raison en est due au fait que sur coupes il est bien difficile de 
colorer et de mettre en évidence un appareil ciliaire ou un flagelle. Seule 
lobservation sur le vivant permettrait de trancher cette question. II est 
presque superflu de rappeler que la danse des. sporoblastes n’est pas d’une 
observation aisée. La durée de ce phénoméne n’excéde guére une heure cela 
dans les cas ou l’on a pu en poursuivre l’observation directe. D’autre part, 
je doute fort que tous les kystes d’Urospora soient facilement observables & 
cause de lenveloppe réactionnelle souvent assez épaisse qui les entoure. 

Un autre point au sujet duquel je me référe aux excellentes observations 
de Brasil est la description de l’appareil centrosomique des gamétes, centro- 
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somes placés dans le prolongement effilé de la cellule, directement en avant 
des noyaux. Mes préparations, trop différenciées pour |’étude de ce point 
particulier, ne m’ont pas fourni d’images aussi nettes que les figures de Brasil, 
Ce fait est di simplement a la coloration régressive 4 ’hématoxyline. Etudiant 
principalement les chromosomes de cette espéce, j’ai naturellement été conduit 
a pousser davantage la différenciation des coupes. 

Comme je l’ai dit plus haut, on constate une différence de taille entre les 
gametes; cette anisogamie est rendue plus marquée encore du fait de l’aspect 
et des dimensions des noyaux gamétiques. A cet égard les figures que donne 
Brasil (1905 6) a la PI. II, figs. 1, 2, 3, me semblent représenter un cas ex- 
tréme. Dans son désir de démontrer l’anisogamie chez les Monocystidés cet 
excellent protistologue a peut-étre été conduit, sans s’en rendre lui-méme 
bien compte, a retenir les figures les plus caractéristiques et qui montrent le 
plus nettement l’anisogamie. 

Pour ma part mes observations me portent a admettre une certaine labilité 
dans les proportions entre noyaux males et femelles, proportions qui ont été 
fixées par les dessins de Brasil. Souvent, en effet, et ceci principalement dans 
les kystes dont les gamétes se forment par segmentation de toute la masse 
des gamontes, les gamétes ont une forme plus ovoide que nettement piriforme; 
la différence de taille des noyaux des deux catégories d’éléments n’est plus du 
tout aussi accusée que les dessins de Brasil peuvent le faire supposer. Il 
semble dans ce cas que les kystes légérement comprimés par le tissu réactionnel 
de l’héte, et a l’intérieur desquels les gamontes n’ont pu évoluer avec toute la 
liberté et l’espace désirables, présentent une anisogamie certainement moins 
prononcée que celle qu’a décrite Brasil. Il est incontestable, d’autre part, 
que l’on rencontre des termes intermédiaires entre les deux types principaux 
de divisions des gamontes que j’ai décrites plus haut. II résulte donc de mes 
observations que le rapport de taille entre les deux catégories de gamétes, 
ceci tant au point de vue des dimensions de la cellule que du diamétre du 
noyau, ne représente pas une constante, mais certainement une variable, 
elle-méme fonction du type de fragmentation des syzygites. Le type d’évolu- 
tion des gamontes étant largement dépendant, comme je l’ai montré plus 
haut, de l’épaisseur de la théque d’enveloppe du kyste, c’est en derniére 
analyse a l'intensité des processus réactionnels des tissus de ’héte, qu’est due 
cette variabilité que l’on constate dans l’anisogamie de I’ Urospora lagidis. Il va 
sans dire que cette variabilité est relativement restreinte et n’excéde pas 
certaines limites. 


VII. La FECONDATION. 


Brasil (1905 6) ne décrit pas les phénoménes intimes de la fécondation. 
I] se contente de décrire la formation du zygote par union des gamétes. Mes 
observations sur ce point ne sont guére plus étendues que celles du savant 
zovlogiste de Caen. Je n’ai rencontré qu’une seule figure montrant a cdté des 
pronucléi un pale centrosome, entouré de quelques rayons astériens (voit 
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Fig. 8 A)'. Les noyaux sont encore, a ce stade, de tailles inégales bien qu’ils 
soient déja au contact l’un de l’autre. Plus tard ils s’unissent pour former un 
seul noyau plus vaste (Fig. 8 B), d’aspect assez clair, dont la chromatine est 
repoussée 4 la périphérie, et qui contient un caryosome bien visible. A ce 
moment le zygote est de forme arrondie. 


VIII. Les PHASES SYNAPTENIQUES. 


Lorsque l’on examine des zygotes d’Urospora lagidis, on s’apercoit que le 
noyau présente une série d’aspects particuliers habituellement semblables 
dans un méme kyste. Etant donné d’autre part l’abondance relative des 
kystes présentant ces figures, on est autorisé 4 en conclure, qu’aprés la copu- 
lation des deux pronucléi male et femelle, le noyau du zygote reste longtemps 
avant de se diviser. Au cours de cette période dont j’ai tenu a figurer les 
principaux aspects, on assiste 4 une série de phénoménes nucléaires, com- 
parables dans leurs grandes lignes 4 |’évolution des noyaux des cytes I des 
Métazoaires. La chronologie de ces phases est d’ailleurs difficile 4 établir. 
Je me base uniquement pour établir cette succession sur les faits classiques de 
eytologie nucléaire, retrouvés récemment par moi-méme chez une Coccidie, 
Klossia helicina (Naville, 1927). Voici quelles sont les principales étapes que 
j ai rencontrées: 

(1) Tout de suite aprés la formation du syncaryon, le noyau du zygote 
mesure environ 3}u de diamétre. II] n’est pas encore fortement chromatisé. 
La chromatine est nettement périphérique mais on n’y reconnait pas de 
chromosomes. Ce stade est d’autre part caractérisé par l’apparition d’un 
nucléole ou caryosome (Fig. 8 B). 

(2) Le noyau diminue légérement de taille (25 4 34 de diamétre) alors 
qu il se charge beaucoup en matiére chromatique. Cette chromatisation jointe 
a la rétraction de la vésicule nucléaire empéche d’apprécier exactement sa 
structure et de distinguer sa portion chromosomique des éléments nucléiniens 
qui y sont contenus (Fig. 8 C). 

(3) La vésicule nucléaire devient beaucoup plus grande, elle atteint alors 
5} 4 Gu de long sur 4 4 43 de large. Le noyau reste cependant excentrique. 
Alintérieur de ce noyau, on distingue une masse confuse présentant cependant 
un aspect de peloton trés serré; dans les mailles de ce peloton il semble que l'on 
puisse distinguer, dans les cas les plus favorables, une ou plusieurs sphérules 
nucléolaires. De cette masse chromatique pelotonnée qui ne mesure guére 
que 3u de diamétre, on voit s’échapper habituellement en deux points différents 
deux appendices chromatiques souvent plus longs que le diamétre du peloton 
lui-méme. Lorsque l’on examine plus attentivement ces appendices chroma- 
tiques, on voit qu’ils sont habituellement formés de deux cordons disposés 
cote & céte et parfois enroulés l'un sur l'autre. Certaines figures sont difficiles 

* Je n'ai pu décider s'il n’existe qu'un seul centre dans le zygote, ou si les deux centres des 


gamétes se fusionnent, si enfin il existe an centre géminé da a Ja fusion des deux ¢léments centro- 
somiens mile ct femelle, 
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a observer, et cette constitution précise pourrait échapper a une observation 
superficielle. Je la crois cependant trés constante et je l’ai retrouvée dans un 
grand nombre de kystes différents. I] semble done qu’a ce stade, les quatre 


Fig. 8. Evolution du zygote et formation du sporoblaste d’Urospora lagidis (Gros. x3147). 
A, copulation des deux pronucléi; B, formation du syncaryon; C, condensation chromatique 
du syncaryon (stade proleptoténe); L, /’, G, synapsis; H/, diakinése; /, J, K, L, M, N, 0, 
métaphases de Ja premiére division du zygote; P, Q, anaphases de la premiére division du 


zygote. 
chromosomes du zygote soient accouplés deux & deux et chacune de ces 
copula présente une extrémité libre et une extrémité prise dans le peloton 
chromatique commun (Fig. 8 F, 
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(4) Toute formation nucléolaire disparait alors, et l'on n’apergoit plus a 
l'intérieur de la membrane du noyau que deux couples de chromosomes. Les 
deux chromosomes d’un méme couple sont habituellement enroulés l'un sur 
lautre (Fig. 8 H). 

Quelle signification peut-on donner & ces figures? La Fig. 8C que j'ai 
considérée plus haut comme formant la deuxiéme phase de l’évolution nucléaire 
du synearyon présente une contraction trés caractérisée du poyau. C'est 
durant cette période que doit se reformer |’édifice chromosomique. On peut 
comparer cette phase a une phase préleptoténe (formation des prochromosomes). 
La figure suivante (Fig. 8 Z, ¥, G) montre un enroulement des chromosomes 
les uns sur les autres et ceci deux & deux. Elle fait immédiatement penser a la 


" synapsis des auxocytes de Métazoaires. 


Quant a la derniére figure décrite (Fig. 8 1), elle montre une libération des 
deux couples de chromosomes qui sont alors nettement séparés l'un de l'autre. 
Ces chromosomes sont d’autre part nettement séparés en deux paires. Ce 
stade ressemble évidemment beaucoup au stade diploténe des auxocytes de 
Métazoaires. 

Nulle part, 4 ma connaissance, des figures analogues n’ont été décrites chez 
les Grégariniens. Il me semble qu'il y a une coincidence parfaite, dans ces 
grandes lignes, entre cette succession de phénoménes nucléaires et les stades bien 
connus qui précédent, chez les Métazoaires, la division des cytes I. Il est 
curieux de remarquer qu il y aurait alors chez Urospora lagidis une dissociation 
dans le temps entre les phases synapténiques et la réduction numérique des 
chromosomes. On ne peut objecter en effet que les aspects figurés (Fig. 8 F, 
F, G, H) seraient dus & une fissuration prophasique des chromosomes. Leur 
mode d’insertion au fuseau durant la métaphase de la premiére division du 
zygote ainsi que leur nombre s’opposent a cette hypothése. 


IX. PREMIERE CINESE DU ZYGOTE. 


Exception faite du travail de Jameson (1920) nous connaissons actuelle- 
ment fort peu de choses concernant le détail des cinéses que l’on observe dans 
la jeune spore des Grégarines. La raison principale est certainement l’extréme 
petitesse de ces mitoses ainsi que l’aspect le plus souvent granuleux des chro- 
mosomes. Ce n’est que grace 4 l'emploi des forts oculaires périplanétiques que 
construit actuellement la maison Leitz, oculaires certainement beaucoup plus 
nets que les anciens oculaires compensateurs, que j'ai pu entreprendre avec 
fruit l'étude de cette période du cycle chromosomique de l'Urospora. La 
recherche des cinéses est trés délicate, du fait que les kystes dont les zygotes 
‘Sont en voie de divisions sont assez rares. Cette difficulté est encore acerue 
par l’état de la fissuration et la colorabilité de ces éléments. Tous les kystes, 
en effet, ne sont pas également bien fixés par le mélange de Duboseq et Brasil. 
La coloration des éléments varie d’autre part dans de larges limites suivant le 
temps du mordangage et de la coloration. Les préparations rapidement 
mordaneées et colorées montrent des chromosomes plus nets, plus gréles, et 
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dont la numération est incontestablement plus facile; celles colorées et 
différenciées plusieurs fois de suite montrent seules des formations fusorielles 
et des centrioles colorés, le gonflement de la chromatine est par contre un 
sérieux obstacle 4 la numération précise de ces éléments. Ajoutons que de 
trés rares cinéses se présentent de fagon & permettre une numération con- 
venable des éléments chromatiques. Toute étude superficielle de ces mitoses 
pourrait conduire & des conclusions fausses ou contradictoires. 

La prophase de la premiére cinése du zygote est le plus souvent trés 
difficile & observer. Elle fait immédiatement suite aux phases méiotiques et se 
trouve caractérisée par la disparition de la membrane nucléaire de méme 
que par |’épaissement des chromosomes. La métaphase bien visible a la 


Fig. 8] montre quatre chromosomes disposés parallélement au fuseau de la — 


cinése. Le fuseau lui-méme est terminé a chacune de ces extrémités par un 
granule coloré comme un centrosome, le plus souvent de forme triangulaire 
(voir Fig. 87,7, K, LZ, M,N). La encore il s’agit de discriminer les métaphases 
dont la numération est possible de celles chez lesquelles le nombre de chromo- 
somes observés est en apparence inférieur au nombre réel. En effet, la dis- 
position de la plus fréquente des chromosomes de la métaphase peut induire 
en erreur un observateur superficiel. Dans ce cas, les quatre chromosomes 
occupent les quatre arétes d’un prisme idéal a base carrée dont l’axe corres- 
pondrait 4 celui de la cinése. I] en résulte que, le plus souvent, les chromo- 
somes se recouvrent deux a deux lorsque l’on examine la cinése de profil; 
dans ce cas, on peut croire 4 l’existence de deux chromosomes seulement 
durant la métaphase, ce qui serait tout a fait incompréhensible puisque le 
zygote en contient effectivement quatre’. Parfois, lorsque le prisme idéal 
se présente 4 l’observateur non plus suivant une de ses faces, mais suivant 
une de ses arétes, on peut alors compter nettement trois chromosomes, deux 
d’entre eux se recouvrant. Ce n’est que dans des cas particuliers, comme le 
montre la Fig. 8/7, que l’on apergoit trés nettement les quatre éléments 
juxtaposés. Cette netteté de la figure est due principalement a une position 
légérement atypique des chromosomes sur le fuseau. 

La métaphase suit alors son cours et procéde par étirement des bitonnets 
chromatiques. Cet étirement est trés net et représenté a la Fig. 8 J, A, L, M,N. 
Dans certains cas, surtout vers la fin de la métaphase, il se produit parfois 
une agglutination des extrémités des chromosomes en haltéres, comme cela 
est représenté a la Fig. 8 L. Finalement, les quatre chromosomes sont com- 
plétement divisés en méme temps que centrosomes et fuseaux s’évanouissent 
(Fig. 80). L’anaphase nucléaire est nettement visible dans la Fig. 8 P et Q. 


Dans la premiére de ces figures, colorée par la méthode rapide, non seulement. 


on ne voit plus trace du fuseau, mais les chromosomes, assez gréles, montrent 
chez certains d’entre eux l’indice d’une insertion sub-terminale sur le fuseau 


1 Le fait que durant la prophase les chromosomes sont intimement accolés deux 4 deux 
peut également expliquer certains aspects de la métaphase, ot, de prime abord, on n’apergoit 
que deux éléments. ‘ 
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cinétique. La Fig. 8 Q représente le début de la télophase. Enfin la Fig. 9 A 
montre les deux premiers noyaux du zygote au repos. 

L’étude de cette premiére cinése nous apprend donc que le zygote se divise ~ 
d’une fagon normale et que contrairement 4 ce qui se passe chez Diplocystis 
schneidert (d’aprés les observations de Jameson). Cette premiére cinése n’est 
pas réductionnelle, mais procéde suivant le type normal, c’est-a-dire par 
fissuration de tous les chromosomes prophasiques. 

J’ajouterai que cette premiére cinése, telle que je l’ai décrite, ne se fait pas 
toujours avec autant de régularité. I] arrive fréquemment que certains chro- 
mosomes se fissurent d’une fagon précoce tandis que d’autres ne subissent 
qu'une division beaucoup plus tardive. Ce fait complique souvent beaucoup 
l’interprétation des figures cinétiques. 


X. DEUXIEME CINESE DU SPOROCYSTE. 


La deuxiéme cinése du sporocyste présente une trés grande analogie avec 
la premiére cinése du zygote. Sa taille étant cependant légérement plus faible, 
les difficultés de numération sont sensiblement accrues. La prophase et la 
métaphase ne nous renseignent guére sur la constitution chromosomique du 
noyau. Durant les deux premiéres phases de la cinése les chromosomes sont 
tellement serrés les uns contre les autres qu'il est presque impossible de dis- 
cerner les éléments chromatiques. Les fuseaux et les centres sont par contre 
trés visibles lorsque l’on a eu soin de pousser suffisamment loin la recoloration 
des coupes. 

L’anaphase, par contre, est certainement plus intéressante du point de 
vue qui nous occupe. On apergoit en effet dans les cas favorables deux masses 
chromatiques prés des poles du fuseau. Ces masses laissent entre elles quatre 
appendices numérables, sortant d’un amas chromatique indivis. Ceci peut 
étre l'indice, soit d'une anaphase 4 quatre chromosomes qui se fissurent par 
étirement, soit d’une division de deux chromosomes en insertion médiane. 
Cette derniére hypothése est peu vraisemblable étant donné la marche de la 
premiére cinése du zygote. La télophase, figurée au No. 9C, montre dans 
certains cas quatre éléments nettement visibles, les noyaux fils sont alors 
réunis entre eux par un reliquat du fuseau. Enfin il arrive parfois que durant 
la télophase les chromosomes se rétractent en petits granules isolés qui sont 
alors nettement numérables et sont toujours au nombre de quatre (Fig. 9 D). 
Ces secondes cinéses du sporocyste nous montrent donc que le nombre chro- 
mosomique est toujours le méme, c’est-a-dire quatre. 


XI. DERNIERE CINESE DU SPOROCYSTE. 


L’étude de la derniére cinése de la spore qui porte le nombre des noyaux 
de quatre & huit est excessivement malaisée vu sa taille trés faible. Je n’ai 
méme pas tenté dans ce cas une numération des chromosomes, numération 
qui ne me semble pas possible. Rien n’indique cependant que durant cette 
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cinése, comme au cours des précédentes, il existe un nombre anormal de 
chromosomes. 


Fig. 9. Evolution du sporoblaste d’Urospora lagidis (Gros. » 3147). A, sporoblaste a deux 
noyaux; B, sporoblaste dont les deux noyaux sont en anaphase; C’, sporoblaste montrant 
quatre noyaux télophasiques réunis deux 4 deux par des résidus fusoriels; D, sporoblaste 4 
quatre noyaux montrant chacun quatre chromosomes; F£, sporoblaste & quatre noyaux; 
F, sporoblaste a huit noyaux; (, sporoblaste 4 huit noyaux en coupe transversale; //, /, J, 
K, L, M, N, sporoblastes de petite taille (sporoblastes abortifs) montrant des petits chromo- 


somes granuleux disposés parfois quatre par quatre. 


Les huit noyaux formés dans la jeune spore s’allongent alors suivant l’axe 
de celle-ci et viennent se grouper 4 son équateur. La Fig. 9 F et G donne une 
idée de cette disposition; la derniére figure est une coupe transversale a 
travers la jeune spore qui montre les huit noyaux disposés A la périphérie de 
la zone équatoriale. 
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XII. DE LA SPORE. 


Je ne reviendrai pas en détail sur la structure de la spore. Brasil (1904) 
dans son excellent mémoire figure la spore d’Urospora lagidis et je renvoie le 
lecteur a la figure de cette auteur qu’il est inutile de reproduire ici’. 

La spore constituée présente une forme ovoide prolongée en arriére par un 
long appendice caudal souvent difficile 4 voir. Cet appendice caudal mesure 
deux fois environ la longueur de la spore. Quant a la portion antérieure du 
corps de la spore elle est munie d’une sorte de collerette prolongée en avant par 
deux petites épines. Les sporozoites, au nombre de huit, sont disposés suivant 
les méridiens de la spore. 


XIII. Divistons ANORMALES DU SYNCARYON. 


Lorsqu’on examine des kystes mfirs dont les zygotes sont en période de 
développement, on constate qu’une partie d’entre eux contiennent des jeunes 
spores bien formées, ovoides, de 8 & 10u de long sur 6 & Ty de large. Ces 
éléments sont ceux dont nous venons d’étudier le développement. Quant aux 
autres kystes, qui sont habituellement d’une taille inférieure, ils sont entourés 
dune épaisse couche de cellules de ’héte et présentent des spores trés nom- 
breuses pressées les unes contre les autres, mais les dimensions de ces éléments 
n’excédent guére 6 & Tu suivant leur plus grand diamétre. Lorsqu’on examine 
de plus prés ces jeunes zygotes, on s’apercoit qu’a la place du noyau se trouve 
une plage de petits granules chromatiques assez réguliers, parfois groupés par 
quatre, dans d’autres sporocystes ces granules chromatiques sont disposés d’une 
fagon presque quelconque, sans plan bien défini, autour du centre de la cellule. 

Les kystes qui contiennent des éléments tels que je viens de les décrire 
proviennent certainement de l’évolution des kystes du deuxiéme type. En 
effet, l’évolution des syzygites contenus dans un kyste précocement entouré 
par les cellules de ’héte, aboutit 4 la formation de gamétes d’une taille inféri- 
eure aux gamétes normaux. Ces kystes, d’autre part, contiennent des éléments 
beaucoup plus serrés que les kystes normaux. Il n’y a done pas de doute sur 
lorigine de ces sporocystes atypiques. Cette déduction est encore confirmée 
par l'aspect des noyaux qui sont d’une taille sensiblement inférieure 4 celle 
des kystes typiques. 

La Fig. 9H, I, J, K, L, M et N représente toute une série de ces sporo- 
cystes de petite taille. Sur l'un d’entre eux (Fig. 9 M) on apergoit dans la 
partie centrale huit petits granules chromatiques. Ces huit petits chromo- 
somes résultent certainement de la division des quatre chromosomes du 
zygote. Dans d’autres cas (Fig. 9H, I, K, L, N) on compte exactement 
16 éléments chromatiques, si l’on a soin d’éliminer au cours de la numération 
un ou plusieurs granules plus piles, sans doute d’origine nucléinienne (Fig. 9 H). 
Ces 16 éléments peuvent étre groupés dans un ordre en apparence quelconque, 


1 Brasil (1904), Pl. VIII, figs. 77 et 78. 
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Cycle chromosomique dUrospora lagidis 


Fig. 10, Cycle schématique de l Urospora lagidis. 1, sporozoites libres; 2, jeunes Grégarines; 
3, kyste durant Ja premiére période cinétique; 4, kyste durant la deuxiéme période cinétique; 
5, kyste durant la troisiéme période cinétique (divisions réductrices hétérotypiques) ; 6, kyste 
durant la quatriéme période cinétique (divisions homéotypiques 4 nombre de chromosomes 
réduit); 7, formation des gamétes (corps laciniés); 8, gamétes male et femelle; 9, conjugaison 
des pronucléi dans le zygote; 10, synapsis dans le noyau du zygote; 11, premiére division 
nucléaire du zygote; 12, sporoblaste 4 deux noyaux; 13, division des deux noyaux du sporo- 
blaste. 14, spore contenant huit sporozoites. 
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comme le montre par exemple la Fig. 9 L, K, ou plus souvent par petits 
groupes de quatre éléments tel que cela est visible dans la Fig. 9 H, J et N. 
En réalité lorsque l'on examine de prés les figures qui ne montrent pas, au 
premier abord, des groupes de chromosomes bien définis, on peut presque 
toujours découvrir, en fouillant les plans successifs de la cellule 4 l'aide de la 
vis micrométrique du microscope, des groupements définis de quatre ou huit 
éléments qui, en projection, se superposent parfois, ce qui donne aux figures 
un aspect désordonné. 

Dans d'autres sporocystes (Fig. 9.J) on peut compter plus de 16 granules 
chromatiques. Dans le cas de la Fig. 9J on compte six groupes de quatre 
chromosomes. Cette figure peut s’interpréter comme un passage du stade a 
quatre noyaux 4 la période adulte de la spore qui compte toujours huit 
noyaux, ou également comme un stade a huit noyaux incomplétement 
conservé dans la coupe. 

Trois faits frappent l’observateur qui examine ces kystes contenant de 
petits sporocystes: 

(1) La forme des chromosomes n'est plus la méme que dans le cas normal. 
Ils sont toujours globuleux, ovoides, ou en forme de courts batonnets. Leur 
taille, done la masse de chromatine dont ils sont constitués, est sensiblement 
inférieure & la normale.. 

(2) Tl n’existe pas de phase nucléaire quiescente entre les cinéses. Ceci 
semble l'indice d’un déséquilibre dans le fonctionnement du noyau. 

(3) Malgré mes recherches je n’ai jamais observé de fuseau ni de centro- 
somes nets dans ces jeunes zygotes'. 

Ces faits nous montrent que les kystes comprimés durant leur évolution 
peuvent dégénérer. Si cette dégénérescence n’est pas immédiate elle se fera 
sentir 4 la fin de ’évolution du kyste par la formation de spores atypiques et 
d'une taille inférieure. J’ai observé d’ailleurs que dans certains de ces kystes 
les sporocystes montraient des traces indubitables de dégénérescence. 
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XIV. ConcLusions. 


(1) Au cours de la vie des gamontes d’Urospora lagidis on peut constater 
lexistence de quatre phases successives, caractérisées chacune par un type 
mitotique dominant. 

(2) La premiére phase mitotique des gamontes montre quatre chromo- 
somes fissurés d’une facon précoce au début de la prophase cinétique. 

(3) La deuxiéme période de l’évolution des syzygites montre des mitoses 
4 quatre chromosomes, fissurés aprés la mise au fuseau, durant la méta- 
phase. 


1 Etant donné que les spores mires présentent une taille trés constante, j'ai de fortes raisons 
dadmettre que ces sporocystes aberrants n’évoluent pas. S’ils évoluaient en spores, on devrait 
rencontrer des kystes dont les spores seraient plus serrées les unes contre les autres et surtout 
plus petites, ce qui n'est pas le cas. D’autre part, il me semble certain que ce mode atypique de 
division nucléaire est un indice de la dégénérescence du sporocyste. 
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(4) La troisiéme période de l’évolution des gamontes est caractérisée par 
des divisions hétérotypiques réductrices qui font passer les novaux a l'état 
haploide (deux chromosomes). 

(5) La quatriéme et derniére phase qui précéde immédiatement la forma- 
tion des gamétes montre des cinéses homéotypiques haploides. 

(6) Durant la croissance des gamontes la différence de taille entre les 
noyaux des deux sexes s'accuse de plus en plus, et s’‘observe & son maximum 
chez les macro- et microgamétes. 

(7) L’anisogamie décrite par Brasil (1905 6) chez Urospora lagidis est wi 
cas limite. Souvent on observe des kystes, comprimés par les tissus réaction- 
nels de héte, et qui présentent des gamétes de taille inférieure chez lesquels 
‘anisogamie est certainement beaucoup moins marquée. 

(8) Peu aprés la fécondation des gamétes, lorsque le synearyon du zygote 
est constitué, on assiste & une évolution nucléaire remarquable dont les trois 
étapes principales correspondent vraisemblablement a une phase préleptotene 
suivie d'une synapsis (assez longue durée: la derniére étape enfin est une 
di ploténce de trés courte durée. Pendant ces phases on assiste 4 l’accouplement 
des chromosomes paternels et maternels deux a deux. 

(9) La premiére cinése du zygote et les cinéses suivantes (cinéses du 
sporocyste) montrent quatre chromosomes a la plaque équatoriale et aux 
poles cinétiques. [1 n’y a done pas de zygo-meiose chez Uvospora lagidis. 

(10) Les kystes comprimés par le tissu réactionnel de |’héte sont souvent 
frappés d involution déja durant la vie des syzygites. Dans le cas contraire 
les zygotes et sporocystes qu ils contiennent restent de taille plus petite et 
névoluent jamais en spores. 


Telles sont les principales conclusions de ces recherches sur Uvrospora 
lagidis. Le cycle tel que j'ai pu létablir se trouve synthétisé a la Fig. 10. 

I] ressort de cette étude que certains Monocystidés présentent certainement 
un cycle diploidique. La réduction chromatique s’effectue par une mitose 
hétérotypique du gamonte qui est elle-méme suivie d’une ou de plusieurs 
divisions homéotypiques. La critique adressée par Jameson aux travaux de 
Mulsow est insoutenable dans le cas de |’Urospora lagidis. [1 n’existe dans 
cette espece qu'une seule catégorie de spores, et les divergences de tailles que 
lon observe chez les sporocystes sont certainement dues 4 des phénoménes 
involutifs causés par la compression des tissus réactionnels de |’hdte. 

Ce travail montre |’existence d'une phase synaplénique qui suit immeédiate- 
ment la fécondation, et qui n’avait point été décrite jusqu’d ce jour chez les 
Grégariniens. Bastin lavait cherchée sans succés avant la division hétéro- 
typique du gamonte. 

I] existe done une dissociation entre la synapténie—et les phases qui la 
précedent et la suivent directement —et les divisions réductrices qui se font 
beaucoup plus tard. Le cycle chromosomique de |’ Urospora est d’un type 
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nouvean intermédiaire entre le cycle haploidique comportant une zygo- 
méiose décrit chez Diplocystis schneidert par Jameson, et un cycle diploidique 
normal, tel qu’il existe chez les Métazoaires. 

Ajoutons que les mitoses observées durant la vie du gamonte, avant la 
division hétéroty pique réductionnelle, présentent une évolution qui va de la 
fissuration précoce a la fissuration tardive des anses chromatiques. Ce phéno- 
mene explique peut-étre, sans cependant en pénétrer la cause intime, l’appari- 
tion des divisions réductionnelles. 

Le groupe des Grégariniens appelle done de nouvelles recherches au sujet 
de son eycle chromosomique. I] existe trés vraisemblablement dans ce 
groupe deux types fondamentalement différents. Les travaux de Paehler, 
Schnitzler, Schellack et Trégouboff nous font cependant entrevoir qu’a coté 
de ces deux types extrémes il existe probablement des modalités intermédiaires 
dans la réduction chromatique de ces Sporozoaires. 
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